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This unit IS about the geologic processes that shape the landscape. A given 
landscape on the earth is the product of the influence of either tectonic or 
croMonal forces acting on the crust over a long period of time. The concept 
of geologic time is difficult to comprehend, but very important in understanding 
why the landscape looks as it does. The processes that shape the land are very 

" ? """^^ ^*'''*^*'P* "^"""8 earthquakes, volcanip eruptions 

floods, etc) radical changes in the landscape do not occur within our lifetimes 

. J!^*^ ^"^'^ millions of years (see Geologic Time Chart shown 
in Table Tl). 

The unit ijitroduces students to both internal and external processes Internal 
processes )«ive traditionally included earthquake activity, volcanic and plutonic 
activity, and metamorphism. These processes arc associated with the formation 
of cnistal structures such as continents, ocean basins, mountains, folds, faults 
and volcanoes. Recent studies in geology, especially those pertaining to ocean 
features, have led to a unified theory of crustal structures. This theory, the 
plate tectonic theory, envisions the formation of new crust atong mid-ocean 
ridges, the movement away from the ridges by large crustal plates, and the 
subducuon of the plates at deep-sea trenches. The beginnings of this theory 
arc founded m the early proposal of Alfred Wegener (see references). In 1915 
he proposed that the earth's continehts formed one supercontinent that later 
spUt apart, the fragments gradually driAing apart from one another. The theory 
was considered controversial and divided geologists into opposing groups The 
debat? among geologists continued and has led to a general theory that goes ' 
beyond drifting continents to include major tect^Hic plates. 

Mountains are a major feature of the landscape, but more importantly, they 
reflect m their appearance the internal processes affecting the crust. Of major*' 
aignilicance are the processes»of vulcanism, which involve movements of molten 
rock, and of diastrophism. which involve movements of solid crustal rock.. In 
addiUon to volcano formation, vulcaniAn is responsible for masses of solidified 
rock that have intruded, while, molteaf, into older rock formations. 
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GtOLOGiC TIME CHART 



The Geologic Time Scale 



,.£RA. 



Beginning 



(approx. 
(millions of 



Duration 



(approximate 
millions of 
y£a£4- 



Cenozoic 



Mesozotc 



Paleozoic 



Quaternary | 



Recent 
Pleistocene 



Tertiary 



Pliocene 
Miocene 
Oligocene 
Eocene 
f Paleocene 



0-1 

II 
25 
40 
60 
70 



I 

10 

u 

15 
20 
10 



Cretaceous 

Jorassic 

Triassic 



135 
180 
225 



65 
45 
45 



Permian 

Pennsylvanian 

Mississippian 

Devonian 

Siluriui 

Ordovidan 

Cambrian 



Carbon- 
iferous 



270 
350 

400 
440 
500 
600 



45 

80 

50 
40 
60 
100 



Precambrian 



Late 



Although many local subdivisions^ 
are recognized, no worldwide sys- 
*tem has been evolved. The Pte- 
Middle Cambrian lasted for at least ^ 
billion years. Oldest dated rocks 
are at least 2,700 million, possibly 
3,300 million, years old. 
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. Diaftrophic activity can occunm several forms: rocks may move along a 
fracture line, foid over themselves. Of be displaced in great upward, downward, 
or tilting motions that affect a whole region. The earth is not so s^lid bcnrath 
our feet as we may think, but is forever in the processes of change through 
energetic forces. 

Structural featur^,- such as mountains, do not last forever Kinetic energy 
supplied by erosional agents acting over long periods of time has profound 
effects on the land. 



The wcanrigji;jay of r<wks by wind, water, and ice and the' subsequent 
deposnum of th^ debns dbewhere are factors that shape all landscapes .Soil, 
th^t significant feature of t^earth's crust, is a mixture of th.s nnrk debris with 
organic matter. 7 Je running water of streams » the most common source of 
erosion that leads to, the formation of valleys and floodplains. Less common 
but oif^cn more spectacular, are the effects of glaciers, wjnd, ocean waves and 
curri^ts and grc^water. The> materials removed by erosion accumulate in 
va^QUs IocatK)ns|J#edimentif. the major portions of which find their way into 
inc oceans. TISgJcdiments, continually being buried under new deposits 
' - '"^^ "*|^''^ characteristics reveal much about the history.of 

<^6i:(|jnformat.on on geology is desired, the following references are' 
recommcndeu. ^ 

^"^v '^"^ ^-'f^- ^'"•'^ Nature Library). New 

Yofk: Time. Inc.. 1962. * . -^^ 

- Beyer. Robert E., and Jon L. Higgins. Activities and Demonstrations for Earth 
Science. West Nyack, N.Y.: Parker Publishing Co., Inc., 1970 

»CIark Thomas H . and Colin W. Stearn. The Geological Evolution of North 
America New York: The Ronald Press Company I960 

EngcL Leonard, and the Editors of Life. The Sea (Life Nature Library). New 

York: Time. In*., 1963. / 
ESCP|amphlet Series, Houghton Mifflin Company, Boston, I97I. 

The following titles in yie series, are especially appropriate • 

PS- 1 Field Guide to Rock Weathering 
4 PS-3 Field Guide to Layered Rocks 

PS-4 Field Guide to Fossils / • 

PS-5 Field Gmde to Plutonic and MetamorphjcJlocks * / 

PS-6 Color of Minerals ♦ 

PS-7 Field Guide to Beaches 

PS-8 Field Guide to* Lakes 
>Farb Peter-^nd the Editors of Life. The Land and Wildlife of North America 

(Life Nature LiWary). New York: Time. Inc.. 1963 
Gamow.^George. A Planet Called Earth, New York: The Vikint Press. Inc. 

HcUcr. Robert L.. cd. Geology and Earth Sciences Sourcebook. Uhw York 

Holt, Rinehart and Winston. 1970. ' \ 
UopoId..A^ Starker, and the Editors of Life. The Deseri Nature Library) 

New York: Time, Inc.. 1962. ^ ^' 

Leopold, Luna Kenneth S. Davis, and the Editors of- Life. Water {Life Science 

Library). New York: Time. Inc., 1966. " 
MUne, Lorus J and Margery, and the Editors of life. The Mountains {Life 

Nature Library). New York: Time, Inc., 1962. "> 
PowelU J.. W». Down the Colorado! (Science Reading Series). Princeton, Nj!: . 
, Princeton Univei^ity Press, 1964. 



Rhodes. Frank H. T. H. S. Zim. and P. R. Shaffer. Fossils: A Guide to Prehis- 
toric Lije. New York: Golden Press, Inc., 1962. 

Shelton. John S. Geology Illustrated San Francisco; W. H. Freeman A Co 
Publishers, 1966. 

Stokes. William L.. and Sheldon Judson. Introduction to Geology: Physical and 
Historical. Englewood Cliffs.. N.J. : Prentice Hall. Inc., 1968. 

Wegener. Alfred. The Origin of Continents and*Oceans. New-York: Dover 
Publications, 1966. 

Zim, Herbert S.. and Paul R. Shaffer. Rocks and Minerals (A Golden Nature 
Guide). New York: Golden Press, Inc.. 1957. 
— lC4*flSSibic.^xmjshQuldJiaYc^ailabIe.in-yiMu:a^ 
encc books for use as additional resource material by the students. 

The following films from Encyclopedia Britannica Films, 1150 Wilmette 
Avenue, Wilmeti^, lUinois, are recommended for use with the following chap- 
Chapter 1 : Evidence for the Ice Age 
Chapter 2: Rocks That Form on the Earth's Surface 
Rocks That Originate Underground 
H Why Do We Still Have Mountains? 
Chapter 3: Erosion— Leveling the Land 
Chapter 4: The Beach-yA River of Sand Waves on Water 

AN OVERVIEW 

The matenals m this linft are organized differently from those in other units. 
There are few acUvUies in the chapters. Instead, through carefully'^selched 
pictorial evidence, liinited explanation, and a series of questions, the chapters 
introduce the majyr geolo^c mechanisms for shaping the landscape. 

All the questioiis are backed up by appropriate resources, which provide 
the necessary infi&rmation and activities from which to derive answers to the 
questions. HoWver,»it is the student's re^onsibillty to determine which re- 
sources are needed. Remember, it is the intention of the unit to have the student * 
reason out the/mformation required. Both because of his riaturity and previous 
ISCS experiences, the student should be able to respond to questions such as 
"What are the variables involved?" or "What infermation do J need in'order 
to answer wie question?" 

^•»*pW' sets the stage for the entire unit. Common geologic features are 
presentt* with a series of pertinent questions. Instruction is provided to help 
the student perceive the pattern to be used in finding answers. Resources are 
referred tp, and the student gets a^uainted with how they are to be used. 
The remainder of the unit then focuses on the major features of the landscape. 

^Vptcr 2 centers, on some of the most spectacular scenery in the United 
Stat^— the mountains. The student will consider such key processes as uplift, 
layering, vulcanism, erosion^^laciation, aifc dia^rophism. Nurtierous a^fivttics 
ar^ available in the tcsources to aid hinv in his quest for understanding 

/ ' ^ ' 



Another major landscape feature is the midlands, the topic for Chapter 3 
Rivers play an important role m shaping the midlands sccfor and thus receive 
-• major emphasis m the chapter. The student is called on to use the concept 
ofkinctic energy that he studied in earlier levels of ISCS. EJ-osion and deposi- 
Uon are important prtKesses featured m this chapter. ^ 

A third major feature of the landsc/pe. the shorelands. is considered rather 
thoroughly in Chapter 4. Shorelands include m>t only the coastal regions, but 
•ISO the beaches of our many lakes. The student will be exposed to such topics 
. u wave action, beach variability, delta formation, and tidal action. Resources 
are varied and aBundant for providing activities to help explain these processes 
and features. C 

■-.J^^*^ ^'^ '*^^^ '^^^^ the student has been involved in previous 
ISCS levels arc again put to use in the activities of this unit. Many types of 
energy, including gravitational, chemical, heat, solar, glacial, meteorological, 
and mechanical, are interwoven throughout Crustv Problems. 

With our hurried pattern yf living, some students may try to finish the unit^ 
as rapidly as possible. Help such students to sU>w down. The effects of undue 
speed arc especially detrimental in the stream-table activities. Because you are 
using such a small amount of water, it takes tihie tq producto^i observable 
change. The student must be patient andv observant or thi details of what 
happens will be lost entirely. The same . type of deliberation Will be needed 
for many of the questions included in these chapters. The student should 
realize, however, that the stream table is only a simulation. The partides. 
volume of water, and time are not on the same scale as in nature. 

You wUI have to help some students use the resources wisely. Beginning in 
Chapter 2. the resources are grouped by clusters at the end of each chapter 
AU the resources in any particular cluster are aimed at a specific contept in ' 
geology. The student text points toward the cluster; the student must select 
the appropriate resources from ^t. 

Not only docs the student ^avc a choice of which resources to study, but 
he could also be given a choice of the order with which he deals with the 
chapters. For instance, all students could begin with Chapter I. Then some 
could go to Chapter 2 on mountains, some to Cha||er 3 oh midlands, and> 
the rcmamder to Chapter 4 on seashores. After finishing a chapter, the student 
could proceed to another one until all four chapters are completed. One decided ' 
advantage that this system affords is relieving congf^ion and demand on the 
available equipment. The four stream tables, the modeling cl<ay. and other items 
wiU go a lot fnrther in supplying student needs. 

In any cftse. don't expect all students to travel at the sAme pace, or get the 
same answers to questions, or use the same resources. This unit can go a lone 
way in providing for individual diff"erenccs. ' ^ 

ITEMS TO BE SUPPLIED LOCALLY ' 

In order to keep costs to a ihinimum, and''to reduce the bulk of the kit. it 
» digested that a number of items needed in the unit he procured locally. 



Many of Wi^sc can normally be found in a science clas.srm)m; others arc ea^y 
obtained from your students. You will probably want to set up a checklist and 
githcr the materials well before they arc needed fo<^ the activities. 

In Chapter 1 and the accompanying resources, you will need several pmixi" 
of scissors, several sets of pencils in 3 different colors, rulers, and tape. In 
addition, you should ask students to bring in baby-food jars. You will probably 
be able to use 3 dozen or so in the chapters that follow. If you don't have 
a clock with a sweep-second hand in your room, it might be possible to ^et 
an old but usable clock donated for use in the timing exercises in the later 
chapters. 

CbAp.t€X.2 wilhili resourcciJ«ill,«<juU^c-whi4e ^perrfttkHS^rsasjseFs^ paper- 
towels, a protractor, a 5" x 7" index card, baby-food jars, tape, a short piece 
of string or thread, a weight such as a lead sinker, a sharp steel nail or needle, 
10 one-quart milk cartons (unless test-tube racks are available). 10 glass plates 
about 2" square (cut from broken window glass), a sharp knife, corks for test 
tubes. 3 sticks of white chalk. 3 sticks of cdlored chalk, several teaspoons (may 
be plastic), about 60 small paper cups, a metal file, 2 sheets of /ine sandpaper, 
a 10" X 10" piecc/bf piasonite or plywood board. 4 building bricks, wooden 

. matchcs^4 wooden blocks, such as 2 x 4's, about 1 foot long, several old 
hacksaw blades, and a dozen pans, such a$ old aluminum pie or cake pans, 
and some sand to put in them. 

Chapter 3 and its resources need first the sand that is to be*mixcd with the 
silt that is supplied (for .the 4 stream tables) along with some sand that will 
be used unmixed, as in the pans in Chapter 2. You probably should get about 
6 gallons of clean sand (that's about 75 lb) lo'use for all the activities. Then 
you will also need about a quart of gravel (pebbles, small stones), wax marking 

'pencils, a cup of powdered milk, a knife. baby-f«od jars, 8 c&rdboard shoe 
boxes, and about 20 pieces of cardboard from old boxes. 

In Chapter 4 and the resources supporting it, you will need 4 more wooden 
blocks, about 2" x 4" x 8", foj the wave activities, and jravel as in Chapter 
3. For all the stream-table activities in Chapters 3 and 4, it would ibe wise 
to have a generous supply of paper towels, rags, aftd a mop. It would also 
help to have another pail or two for students to rinse their hands, so that sand 
or silt doea^ot go into your sink drain. 

PREPARATION OF EQUIPMENT 

With the materials listed for local supply and the items furnished in the kit, 
you should have everything needed to supply all the chapters and resources: 
But a number of advance preparations must be made for using these materials. 
It would probabW be wise to get these done as soon as the students begin " 
^ the unit. In the following listing, a brief procedure is given* along with the 
chapters an<l resources in which the equipment will be used. 

!♦ CiMnup «r«a Provide a bucket of water fof preliminary washing of hands^ 
^ the students work with the stream tables. The mud should not be washed 




into a siok. Have plenty of paper towels and a tnop on hand in case of 
emergencies. This will be used throughout the unit. 

2. Mo<f«lln« clay (5 lb) Tj^c plasticene clay is fu^jished in assorted colors. Set 
up a shoe box or other container on the supply table for each separate cx)lor 
At the conclusion of an activity, the models should be broken down and the 
day separated by color. A flat blade such as an old hacksaw Wade will be 
uieftil in cutting the clay. Resources 15. 17, 18. 

S.^Hock kit (4 ••ch of 16 samplM) Each rcKk sample must be numbered The 
foUowing procedure (also included yith the rock kit) will serve as * guide 

xci irory; Then write the number given in the parentheses on the while dm 
with a ball-point pen. By types, the rocks are as follows. Sedimentan, con- 
gIomerate.(13). shale ( 16). limestone ( 17). sandstone (19). Metamorphic: gneiss 
marble (12). quartzite (15). slate (18).;jchk>t (20). Igneous': pink granite 
(06). ^ray granite (07). gabbro (08). basalt (09/, rhyolite (10). obsidian (11) 
pumice (14). Resources 5. 6. 7. 9. 10 

■A, 

4. Hydrochloric acldHO.SM) (1 lb) Add 2a ml of concentrated (12M) hydro- 
chloric acid (HCl) to 480 ml of water. Dispense ih dropping bottles labpled 
"DUute HCl." Resources 5. 7. 9 . '^'^ © *- 

5. TMt-tulM racks (quart milk cartons) (10) If test-tube racks are not available 
you may want to make racks out of the plastic-coaled, one-quart milk cartons' - 
Cut out one side of the carton fof fhe frbnt pf .the racL Make several cuts 
m the top side, large enough for a test tube tasUde in, and spaced alone the 

• top. Resources 6, 7 - © - 

. • V- * 

•. Coffcs («18) ^0) Wells must be cut in the corlts to receive molten materials 
It IS rather arduous making the hole with a knife; if you have a cork-borer 
(or can borrow one), a quicker and neater job can be done. Akematively, ydur 
sch09l shop might drill the holes the correct size for you. Details are given ' 
in Resoufcf 6, where they are used. 

. . • » ' > •■ 

7. Whit* sand (4 lb)* Putihe white sand out, a baby-food jar at a time on the 
supjjly table. Ubel it '*White>and." Resources 7, 8, 36 ' - 

i. Chalk (3 whita, f colorad) Crush the white chklk and the colored chalk- 
separately into a fine pow^Jcr, and put in labeled baby-food jars on the supply 
Uble. Resource 7 , J 

'■ ■ " • 

f. tntiniK (4 l|») Save out a baby-food jar full bcfoit yoU make the sand-siU 
mix. Put the labeled jar on the supply table for ResQurcc 7. «• 

1(1. Sand-alll mix^Save out a baby-food jar fuirwhen you 'raix it for tlic stream- 
tables. Label the jar for the supply table. Resource 7 • X 

11. Mlfiarala kit (2 #ach of 1 2 samplos) Bach minerafsample mast bciSftnbcred 
in the same way as the tpck samples (see preparation 3). Yhe numbeh in-th^ 
parenthes^ should bt used for the following mine/als; augtte (21), cal^'e (22), 



microcline feldspar (23), plagiocltse feldspar (24). galena' (25), garnet (26) 
hematite (27), hornblende (28), biotite mica (29), muscovite mica (30). olivine 
(31). quaru (32). Resource 11 . 

12. ¥olc«no. Using the .copper sheet, the 10" x 10" board, and the 4 bricks, 
and followmg the directions in the teacher notes in Resource 13, the volcano 
can be constructed. Ammonium dichromate and magnesium ribbon are sup- 
plied in the kit. Large wooden matched should be Used for igniting the ribbon. 
It IS suggested that only one set-up be constructed and that the activity be 
done under close supervision with groups of students who arrive at that point 
together. The activity gives a very realistic simulation in a scmi^arkened room, 
but you should be forewarned that it is Very messy. The products of the 
combustion of the ammonium dichromate include chromic oxide, Cr, O3. which 
IS a dark-^n fluffy substance. As with a real volcano, this ash is thrown into 
the air, and will be all over the room. Also, as with any pyrotechnics, the activity 
IS potentially dangerous. Resource 13 • 

13. StTMm tabiM (4) This apparatus is the most widely used item in the unit, 
and IS uuhzed continually in Chaptens 3 and 4. Preparation is broken into three 
parts: (a) the stream table with outlet system, (b) the supply system, and (c) 
the contents of the table. j j y/ 

(a) The outlet assembly must be put together. Keep, the inside end of the 
threaded pipe as close as powible to the inside surface of the plastic 
Tighten the nut? well the first time to avoid leakage. AUach a 60^ 
length of the rubber hose and add the screw clamp. Wooden blocks or. 
bricks are used to provide a slope to the table. 

(b) Supply buckets. Heat a large nail (quite hot) and push it through the ' 
sides of four of the plastic five-quart buckets, about two centimeters from 
their bottoms as shown below. Enlarge the hole by reheating the nail 
and forming an opening just J^g^ enough to allow the insertion of the 
threaded pipe. Smooth both inner and outer surfaces around the hole 
with a sharp tool. 

Use the assembly kits conuining the threaded pipe, washers, and nuts 
to make a spout. Modeling clay under the washers helps to make a tight 
' seal when the nuts ^ tightened. Attach 30 cm of rubbe/. tubing and 
add the screw damp. , . 




Hole vnlaroM 
by r«hMting 
thtnaUantf 
toftanino th« 
plastic 



6 qt Bucket Hot nail 




Rubb«r washars 



ThrMded pipe 
"Allot* tightly. 




Hex nuts 



The supply bucket should be supported about 30 cm above the table 
A cardboard box or stool may be used. If a cardboard box is used, add 
several thicknesses of corrugated cardboard under -the bucket. A thin 
plastic cover shoufd be add^d to keep water off the cardboard box. 
(c) Sand-silt mix. Add enough clean sand to the 4 |b of silt mix suppUed 
in the kit to make 4 gallons df sand-silt mixture. Mix well. Put I gallon 
(4 quarto) of the mixture in each stream table. Save out a baby-food ^ 
jaj ftUl for Resource 7. The mix should be pre-wet before student use. 

't ^o, 4Q» 41, 44. 46 ^ - 

14. ttTMm trough (1) The lower end of the stream trough should extend just 

shouS'h!". ^" '''' °" * The supply bucket 

shouW be lower than when It is used for the stream table. Resouro: 27. 

15. Powd«r«l mllir •olutlon (1 cup) Prepare the solution, making It as thick 
«MP<»sible and yet easily dispensable with a medicine dropper. This solution 
needs refngerauon if it is kept for a period of time. Resource 28 

• • 

It. W««l«r ShMto (8) Two thin sheets of plaster arc needed for each stream 
table to provide the hard caprock for the waterfall activity. The simplest way 
Of preparing these sheets is to put a very thin layer of watfer into the bottoim*^ 
ol t flat dish, such as an aluminum pie dish, fli'rfd sprinkle in plaster of pans 
to make a wet layer about 3 mm deep. AUoW' this mixture to set. When it 

nf^"^' T'^u '^"^ P'*"'" '° '"^^^ '^'"P'* 5 cm widcthe width 

or the dish. Allow these to set and dry completely. Resource 33 • 

17. t^HMnd-ptatttr blocks (8) Each stream table will need a block made of 
25% plaster of pwis and 75% sand for the wave erosion activity. You should 
•bo prepare a sedond set of blocks for use when the first set is erod<Kl away 
Eachblockshouldbe2'^X r X l^Apieoeofwoodf thic^^ IJ" wide, and 
^ long mU fUmish the material /or the mold. Cut the piece of wodd into 
fcjir parts, two of which are 1^ lopg. and thp other two pieces 3i" long. Then 
loUow these directions: ♦ a © «w.t 



Til 



(a) Make the mold by using the four pieces of wihhI you cut as shown in 
the 'sketch. }io\d it together with rubber bands. 




Piece of wood 



Rubt>er bands 



(b) Put a thin layer of sand or soil into the bottom of an old aluminum 
pie dish and set the mold in the sand. • 



Sand or soli 




(c) Thoroughly mix 1 cup of plaster of pans with 3 cups of clean sand. 

(d) Pour water into the mold till it is about half fulU and quickly sprinkle 
the plaster-sand mixture into the water, continuing until the mixture is 
level with the top of the mold. 

(e) t Sprinkle some water on top if it looks dry. Care should be taken thai 

the Wock does not' become too wet. 

(f ) The block should set sufficiently to permit removal from the mold in 
about an hour. 

(g) Any of the mixture that remains after miO^ing the 8 blocks can be stored 
in a lightly capped jar. 
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Narrow horizontal cut about 
half an inch long and one 
•ighth Inch deep 




Sand-plaster block 

■V" ' 
Longest 
dimension 

(h) Use a knife or any sharp instrument to make a small cut in the block 
about halfway up. U should be about i" long and J" deep. It represents 
a joint (crack) m the rock. Make a similar cut near the top of the block 
and another near the bottom. The water level in the stream table must 
reach the middle notch. Resource 38 r. 

18. Piaster blocks (12) Each stream table will need one block 3" x 2" y 2" 
and two blocks 4" x 2" x 2" made of 100% plaster. Prepare 4he molds of 
suitable dimensions in the same way you did for the sahd-and-plaster block 
m preparation 17. Follow the same procedure fbr makiA the block/ usinc 
plaster of paris only. The blocks will take about the same time to set. The 
larger blocks are used in Resources 40. 41, 44, and 46. The smaller block is 
used m Resource 44. . 

f ^? ^""^ one end cut out. Put 

m \ of plam sand. Resource 37 

20. Concspt of geologic timt Ninth graders (and most adults!) find it difficult • 
to conceive of the vast spans of geologic time. This is especially understandable 
when you consider how short the life span of nearly everything arouhd^us is 
In geologic time, a pillion years is a relatively short period. As a rcsult,.^i»: 
unit does not attempt to develop an understanding of geologic timfe as an 
absolute. Relative 'rates at which the features are changing are developed 
however. You may want to provide some information for those students who 
art interested. -Here isf a suggested method. The age of the earth is approxi- 
mately 45 billion years. Obtain 4.5 meters of adding machine tape and a 
meterstick. Have the stud<;nts locate points on the tape that correspond to the 
date* given fbr the foUowing events. (Hint: First, mark onc-billion-year units 
on the tape.) \ ' ' 
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(a) Oldest u)ck ever tiunul billion ye;lI^ oUl 

(h) I list ahuiuiant animal IosmK biihi.ii vo.iis .u'o 

(c) l irsl replilcs ^ >«^''»'^ 

And chniatc in much ot North An»crica 0.22 billion years aj:t> 

(e) I- list primitive horses billion years ajio 

) ; (K)2 billion years ago 

(g^ l ast lee Age ! billion \ears ago 

' (h) l-:arliest written records of man ()(KHM).S billion years ago 

• (I) MrstV"Ovable-type printing press (K)(K)(K)53 billion years ago 

(j) The year of your birth . . - ^ . — y<-"ars ^go 

Stretch the linished iape along one side of the room and leave it up for. display 
throughout the unit. 



GENERAL INFORMATION 

Each chapter of the Teacl>er's l-dition contains an equipment list for that 
chapter. The same is true for each resource, In addition, the last page of the 
final resource lor the chapter alerts you to'the preparations necessary for the 
following chapter. 

The first page of each chapter also gives the chapter emphasis and the nraji^r 
points, and a listing of the clusters of rbsourccs that may be us«jd. The tirsi 
page of each resource gives the purpose and major points. Answers to some 
key questions are also included in the margins of thisT^'acher's Edition. 



1? 



INTERMEDIATE SCIENCE CURRICULUM STUDY TEACHER'S EDITION 



Crusty Problems 

Probing the Natural World \l Level III 



< 



^ I.Vv^FI BURdETT 

GENERAL LEARNINC CXMPORATION 
Morristown. New Jeway^ Park Ridge, III. . Palo Alto . Dallas . Atlanta 




ISCS PROGRAM ' 

•f 

LCVf L \ ProMno %h% Natural WcNrtd / Volume 1 / with Teacher s Edition 
Student Record Book / Volume 1 / with Teacher's Edition 
Matter Sat of E<|ulpmenk/ Volume 1 
Teat Reaourco Booklet 



li Probing ttie Natural Mforld / Volume 2 /. with Teacher's Edition 
Record Book / Volume 2 / witr^ Teacher's Edition 
^ Maater Set of Equipment / Volume 2 . 

IH Why You*te You / with Teacher's Edition 

" R^ord'Book / with Teacher's Edition / Maater Set of E<tU(pmant 
Environmental Science / with Teacher's Edjtion 
Record Book / with Teacher's 'Edition / Maater Set of Equipment 
Investigating Variation / with Teacher's Edition 
Record Book yirith Teacher's Edition / iMaater Set of Equipment 
In Orbit / with Teacher's Edition. 

Record Book / with Teacher's Edition / Maater Set of Equipment 
What*a Up? / wi^h Teacher's Edition 

Record Book / with Teacher's Edition / Maater Set of Eqijipment 
Cruaty Problema / with teacher's Edition 

Record Book / with Teacher's Edition / Maater Set of kqulpment 
, WInda pnd Weather / vyith Teacher's Edition 
* Record Book 7 with Teacher's Edition / Maater Set of Equipment 
WelNBeIng / with Teacher's Edition V 

Record Book /^vyith Teacher's*£dition r Maater Set of Equipment 

"* ■ ■ ■ * ^ 

ACKN0WLC00M6NT8 ^ ^ ^ . 

* . • . * ■ ' ' 

Th« wortc pr«Mnt«d or r«port«f tUriin wm performed pursuant to a Contract wftti tho U. 8. 
Offtoe of EducctkHi. bapartmant of Haarth. Education. arKl Walfara. tt wft auppQrtad, aiao. by 
tha National Splanca l=6undatton. Howayar. tha opinions axpraaaad harain do not nacaaaarlly * 
raflact tha potion or policy of tha U. S. Offica of Ec^ucatlon or tha National Sdfnea Foundation, 
and no official andoraamant by aithar a^ancy ahoutd ba. Infarrad. 

* 

(D t972 THE FUORIDA ST^TE UNtVERSnY 

AM rights rasarvad . Printad in itHi Unliad Stataa of Amarloa. Publishad sltnuttanaously In 
Canada . . Copyright is claimad until 1077. Excapt for tha rtghta to matarlals rasarvad by othara, 
tha Publishara and tha copyright ownar haraby grant permission to domastlk paraona of tha 
United Stataa and Canada for use of this work without charge in the English language In the 
United Stataa and Canada after 1977 provided tfuit the publications incorporating materials 
covered by. the copyrights contain an acKnowtedgrnent of them and a atatement that the 
publloatlon la not endorsed by the copyright owner. For conditions of use and permission to use 
materials contained herein for foreign publications in other 4han the Engnsh language, apply to the 
copyright owner. This putMication. or par|s thereof, may not be reproduced in any form by 
photographic, electrostatic* mechanical, or any other method, for any use. Wdtuding infonnatlon 
storage and retrieval, without written permission from Vtm pubMetter. 

ILLUSmATIONS: © 1972 GENERAL LEARNING CORPORATION. 
A4X RIGHTS RESERVED. . . 

19 



LEVUl. 



ISCt STAFF 

David D. Rcdfleld. Co Dirtctot 
William R. Snyder. Co Director 
Ernesl Burkman^ St^^rvtg Co^ittee Chatrmans 

^Laara M.^U. Artist 

I^aaaaa A. lnown<« Artiu 
*Hai^ L. BueU. AJmimwr^uom 

RobfftvL. Cocaaou|hcr. Art Otrtctor 
*M9my Omioo taizaqo. Evaluation 
Stawait f. Dam>w. FiM Thai-Teackwr Ettucatton 
Gaoffa O. Dawson. Ttachtr Education 
\ A. Haihway, Editor 

/ 



S. Hutchinjon. Fi^U Thai Ttocker Education 
•Sally Diana Kaicher, Art Director 
•iana Lancn. An Oinctor 
Adrian D, LovelU Administration 
X •Audky C McDonald, Adrmnistrmion 
♦W. T. Myonn Administration * 
Lynn H. Rogm, i^itw 
Stephen C Smith. >4/y/5/ 
toil S. Wilton* Astistant Editor 



mCM AOViSORY COMMITTEE 

J. Myioa Atkin. University of Illinois 

BeUy Conion Balzano. State University of New York at Brockport 
Wenrtr A. Baunu University of Rhode island • 
Herman bransoiu Lincoln University 
^Mfrtha Duncan Camp. The Florida State Univehfty 
Clifkon B. ClaA, University of North Carolina at Greensboro / 
.Sieve Edwards. Tht Florida State University 
Robert M. Oagn^. The Florida State University 
Edward HMemsch.^Wahash College 
•Michael Kiisha, The Florida State University 
Rotten P. Kropp; The Florida State University 
J. Stanley MlushaJl The Florida State University* 
WtlBam V. Mayer. University of Colorado 
German Pltrker. University of Virginia 
Craig Siper State University <^ New York at Albany 
•Harry Siskr. University of Flohda 

CKffofd Swarta; State University of New York at Stony Brook 
Claude A. Wdch, Macalester Collef^ 

Galea WiS^t^ Manhasset Junior High School!^ Manhasset, M K 
Hi^rbert Zim, Science Writer, Tavemier, Florida 



20 



MATERIALS DEVELOPMENT CONTRIBUTORS ^ 



Tku hit includes wnung-conftrtnct pamapantM amd oihtrs who slgnificMi comiribuii^HS H ^ 
the mwitnaU. mciudtng leSi and art for thg txptrimemai oditfotu, * ' 

i«m Aftdenefh-Af^wMv-A^K UtikkMi^£a^kam,CAtiUg€....£^ ^9^Q»JJk,!U...)i!nil^JS:,JI^ 

Mawille Stait Colltj^t Olaf A Bocdtker. Ortgon Siwe Univ. Calvin t fiolin. FS.U. Eari Brakken, 7W* 
Harbors. Mmn, Bobhy R Blown. FSX Robcn J Callahan. Jr {dtctastdy Brian W Cam, University cf 
ilhnots. toil H. CaK. Lombard, ilk Oifton B. Clark. Umvrrsiiv of North Carolina at GneknAoi^ Sata P. 
Craig, f:s:{/ John D. Cunningham, A WW 5/«/rCo//rjt« David H Dasenbrock, ^51 i/. Dont Dawnbnxt« 
F.S^U ytnC.l>tLy\%,UmtJtrsity of South Florida AUn OtLwson, Dearborn Public Schools, Mick OMffe 
O Dawjon. FSU Gcmi H. DcBoer. FS U Howard E DeCamp. Glenn Eihn. ill. Jam« V. DtRoae. 
^rw/oV« Square, f a WiUiam A Desktn, ComHI College William K. Easlcy, Northeast Louisiema Sim$9 
College. Donald C Edinger. University of Arizona, Camillo Fano. University of(;hiiago Labcrmoey Sek0oL 
Ronald A. Fiiher. Ma4fuoketa, iowa: Edwin H Flcmming. FUS Paul K. Flood, FS.U Harper W. Fiwili, 
Pasadena City College {jEmeHtus). Earl Friesen. San Franctsco State College Bob Galati. FuUertoK Csitf. 
J. David pavenda. The University of Texas. Charles A. Oilman. Winchester. N. W. Robert J. GoU, Jmck$omvUk 
University. Ralph H. Gnmger, ir. Walpole. N.R H. Winter GrilBth. FStU William Gunn, MomC /TorWa. 
John Hart, Xm)ier University. John R. Ha»ard, Georgia State Unit*ersity. J. Dudley Herroo, Punthte Vnitm- 
sity. Father Frtmas Heyden, SJ.. Georgetown University Leonard Hknet^ Sawpta, Florida, ^ Evelyn M. 
Hurlburt. Montgomery Junior College. John R. Jablo^i. Boston University. Beh M. Johmon, Eatimm 
Michigan University. Roger S. Jones,^ University of Mmnesota Leonard A. Kalal, Colorado Schooi €f Mima, 
Theodore M Kellogg. University of Rhode island Elizi^^th A- Kendzior» University of Illinois. F. J. Kim. 
FS.U David Klasion, Milhiile, Calif -Ken Kramer. Wright State University. WilHan R Long, ES.V. 
Robert Upper. California State College. Harold G- Liebhen. Milwaukee. Ms. Willtinh D. Utaoflu CWIv 
of St. Thomas, Mable M. Lund* Beavenon, Oregon, H. D. Luttrell. North Texas State Vniversity. Maxwefi 
Maddock. FS.U Solomon Malintky. Sarasota, Florida. Eloite A. Mfcnn. Sarasota, Florida. Harieoi W. 
McAda. University of California at Santa Barbara, Auley A. McAuley. Michigan State University. B. Wtitey 
McNair. FS.U. Marilyn Mikloi, FSM. Floyd V. Monaghan. Michigan State University. Ruf!^ F. Mofto% 
Westport, Conn^ Tamson Myer. FSU Gerald Neufelid. FS U. James Okey. University of CedifomiOL 
Lawrence E diver. F.S.U^ Larry O &ear. Alice, Texas. Herman Parker. University of Virpnia. Hany A,* 
Peanon, Western Australia. James E. Perbam. Randolph* Macon Woman^s College. Darreil O. PhtQipt» 
University of Iowa. Pittct. f.S.U. D^vid Poch*. ^SX'. Charles O. Pollaid, G^to /iisrilli«» ^ 

Technology. Glenn F. ?omtt%. Northeoft Louisiana State College: EntesI Gene Presjoo, Louisville, Ky. 
Edward Ramey. F.S.U. Eari R. Rich, OniversiK of Miami. John SchafT, Syracuse University. CartoB A. 
Scott. Williamiburg, Ifwa. Earie S. SCott, Ripon College. Thomas Rt Spalding, F.S.U Midiael E. Stnait, 
University ofjhxas. 'Sister Agnes Joseph Sun. Mangrove College, CUflTord Swartz. State University of Uem 
York. Thomas Teates. FSU tfA'^.XiXXtx^.Umversits of Wyoming. KotiM Townscnd, University of iamt. 
Mordecai Treblow. Blocmsburg State College. Henry J. Trieienberg, National Union of Christim Sekodi, 
Paul A. \t%xsil Rollins College. Robert L. Vickery. Western Australia. Frederidi B. Votght« F.S. (/. CSande A* 
Welch. Macalester College. »P^ul Wesimeycr. FS.V. Earl Williamv University of Tampa. Q. R. WUsoH. 
Jr.. University of South Alabama. Htrry K. Wong. Atherton. California. Ctiaries M. Wodheater, 
Jay A. Young. iCing*s College. Victor J. Young, Queansborough Community Cotiege. 



The genesis ofsonu of the iSCS material stems fhm a summer writing conference in 1964. Tk$ 
yartidpoHts were: 



Frances Abbott. Miami l>ade Junior College. RonaW Atwood, University of Kentucky. Oeoffe A4MNIM, 
Carnegie institute. Colin H. Banow. University of West indies. Peggy Baziel F.S.U, Robert BittKer 
'(deceased). Donald Bucklin« University of Wisconsin. Martha Duncan Camp, FS.U Roy CampbeQ, 
Broward County Board of i^blic instruction. Fla. Bruce E. Oeare. Tallahassee Junior €itllege. Atta-dle 
HalU PensacoUu Horida. Chartet . Holoolmb. Mississippi State College. Robert Kemman, Mt. Prtp^et, 
ill Gregory O'Berry, Coral Gables, Florida. Elra Palmer. Baltimore. Jamet Van Pierce, indimm VnivenHy 
Southeast, Guenter Schwam FSM. James E. Smeland« F.S.U C. Richard TiUii. Pine Jog Nature Corner, 
Florida. Peggy Wiegand. Etnory University Eliiabeih Woodward* Augusta Cdkg^ John Wodmr. Sm- 
Mom> Ftcridtk ^ 



4 



Foreword 



A pupil*s experiences between the ages of 11 and 16 probably shape his 
ulumate view of science and of the natural world. During these years 
most youngsters beconie morc,adept at thinking conceptually Since 
concepts arc at the heart of science, this is the age at which most stu- 
dents first gam the ability to study science in a really organized way. 
Here, too, tht commitment for or against science as anjnterest or a 
vocation is often made. 

Paradoxically, th6 ^tudwits at this critical age have been the ones 
least affected by the recent effort to produce new science instructiohal 
^ matcnals. Despite a number of commendable efforts tp improve the 
'jMtuation, the middle years stand today as a comparatively weik link in 
science education between the rap^idly changing elementary Curriculum 
and the recenUy revitalized high school science courses. This volume 
and Its accompanying materials represent one attempt to provide a 
sound approach to instruction for this relatively uncharted level. 
At the outset the organizers of the ISCS Project decided that it 
♦ would be shortsighted and unwise to try 'to fiU the gap in middle 
school science education by simply writing another textbook. We chose 
instead to challenge some of the most firmly established concepts 
about how to teach and just what science material can arid should be 
taught to adolescents. The ISCS staff have tended to mistrust ^hat 
authonUes believe about schools, teachers, children,, and teaching iintil 
we have had the chance to test these assumptions in actual classrooms 
with real children. As conflicts have arisen, our policy has been' to rely 
more upon what we saw happening in the schools than upon what 
authonties said could or would, happen. It is largely because of this • 
poUcy that the rSCS materials represent a substanUal depanure from 
the norm. 

The primary difference between the ISCS program and more con- 
ventional approaches is the fact that it allows each student to travel 
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at his own pace, and it permits the scop^ and sequence of instruction 
to vary with his interests, abilities, and background. The ISC^i writers 
have systematically tried to give the student more of atole in deciding 
what he should study next and how soon he should study When the 
materials are used as intended, the ISCS teacher serves nu>re as a 
"task easef* than a "task master/' It is his job to help tlie student 
answer the questions that arise from his own study rather thaxi to try 
to anticipate and package wjhat the student needs to know. ' 

There is nothing radically new ic^ the ISCS approadrto-instruction. 
Outstanding teachers from Socrates to Mark Hopkins have stressed the 
need to personalize education, ISCS has tried to do something more 
than pay 4ip service to this goal. ISCS' majoi;^contribution has been to 
design a system whereby an average teacher^ operating under normjil 
constraints, in an ordinary classroom with ordinary children, can iiv 
d^ed givv* maximum attention to each student\s progress. 

The development of the ISCS material has been. a group effort from 
the outset, 4t began in 1962, when outstanding educators met to decide 
'what might be done, to improve middle-grade science teaching. The 
recommendations of these" conferences were converted into a tentative 
plan for a set of instructional ' matetials by a small group ^of Floi;ida 
State University facfulty . members. Small-scale writing sessions con- 
ducted on the Florida State cantpus during 1964 and 1965 resulted in 
pilot curriculum materials that were tested in selected Florida schools 
during the 1965-66 school year. All thfs preliminary work was sup- 
ported by fiunds generously provided by The Florida State University. 

fn June^f 1966, financial support was providejd by the United Sta(es 
Office grEducation, and the preliminary efFdrt was formalized into 
the ISCS Project. Later, the National Science Foundation made sev- 
ecal additional grants in support of the ISCS effoxt. 

The first draft of these materials was produced in 1968, during a 
•summer writing conference. The conferees were scientists, science 
ediicators, arid junior high school teachers drawn from all over the 
United States. The original materials have been revised Jhree times 
prior to their publication in this volume. More than 150 writers have 
contributed to the materials, and more than 180,000 children, in 46 
states, have been involved in their field testing. 

We sincerely hope that the teachers and students who will use this 
material will find that the great amount of time, money, and efibrt 
that has gone into its development ha^ been worthwhile. 
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Notes to the Student 



The word u ience means a lot of things. All of the meanings are "right," 
but none are complete. Science is many things and is hard to de- 
scribe in a few words. 

We wrote this book to help you i^rtderstand what science is and what 
scientists do. We have chosen to show you these things instead of 
describing ihem with words. The book describes a series of things for 
you to do and th^ink about. We hope that what you do will help you 
learn a g^od deal about nature and that you will get a feel for how 
sciiiniisls iacklc probla^us. ' V 

How It this book different from, other textbooks? 

V 

This book is probably not like your other textbooks. To make any 
sense out 'of it, you must work with object.s'and substances. You should 
do the things desccibcd, think about them, and then answ'er any ques- 
tions asRed. Be sut you^ answer each que^tic?h as you come to it. 

fhe quesiioth in lh6 ^ook are very important. They are asked for 
three reasons: * ' ^ 

* 1. To help you to think through what you see and do. 

2. To lei you know whether or not you understand what you've xlone. 

3. To give you- a record of what you have done so that you can 
use it for review. • • , 

* , 

How wtll your class be organised? 

■ * 

Your science class 'will probably be quite dilVerent from your other 
classes. Thisi book will let you start^work witli^ss help than usual 
from your teacher. You should begin each day's work where you left 
"off the day before. Any. equipment and supplies needg(J will be wait- 
ing for you. * . • . 
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Your teacher will not read to you or tell you the things that you are 
to learn. Instead, he will help you and your classmates individually. 

Try to work ahead on your own. If you have trouble, first try to 
solve the problem for yourself. Don't a.sk your teacher for help until 
you really need it. Do not expect him to give you the answers to the 
questions in the book. Your 'teacher will try to help you find where 
and how you went wrong, but he will not do your work for you. 

After a few days, some of your classmates will be ahead of you and 
others will not be as far along. This is the way the course is supposed 
to work. Remember, though, that there will be no prizes for tinishing 
lirst. Work af whateVer speed is best for you. But be sure you under- 
stantt what you have dbne before moving on. 

Excursions are mentioned W several places. These^pecial activities 
are found at the back of the book. You may stop iand do any excursion 
that looks interesting oop^iiny that you feel' will help you. (Some ex- 
cursions will help you do some~of the activities in this book.) Some- 
times, your teacher may ask you to do an excursion. 

What am i expected to learn? . , 

During the year, you will work very much as a scientist does. You 
should learn a lot of worthwhile -information. More important, we 
hope that you will learn how to ask and answer questiions about 
nature, f^ep in mind that learning how to find answers to questiqns is 
jj^i as valuable as learning the answers themselves. 
* Keep the big picture in mind, too-. Each chapter builds on ideas 
already dealt with. These jdeas add up to some of the simple but 
♦ powerful concepts that are so important in science. If you are given a 
Student Record Book, do all'^our writing in it. Do not write in this 
book. Use your Record Book for making graphs, tables, and diagrams, 
too. • ' 

From time to time you may notice that your classmates have not 
always given the same answers tijat you did.' This is no cause for 
worry. There are many right answers to some of the questions. And 
in some cases you may not be able to answer the questions. As a 
matter of fact, no one knows the answers toysomc of them. This may 
•seem disappointing to you at first, but you will sbon realize that there 
is much that science does not know. In this course, you will learn 
some of the things wc d|n't know as well as what is Icnown. Good lu^ck! * 
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FQUIPMENT LIST 
Po/ student- team 

1 scissors 

2 wortd maps (in Record Book) 

3 ijitferent.colored pencils 

1 epicenter data table (in Record Book) 



CHAPrrn i.Mf>HASl;i 

n>o OAi\h a dyfUHiiu. tn,Uy. .is ovtdrtiiCtnl 
by such laftjt? sciile ch,inf;».s <i% (rartfuiaakes 
contjnentcil drift, and s«a lUK)r spiuadlny. 



Look at Earth 



Chapter 1 




Resources i throuoM 4 are ktiyod to th.s ^ 
chapter Not^t that f/iuy are found at the end I 
of the chapter, ' 



JuM a few years ago the photograph you see on the facing 
page could not have been taken. Isn^t it rather awesome to 
think you were walking around on that planet the day the 
photograph was taken? In this unit, you will be asked to solve 
•nianj problems concerning the planet you are looking at 
to make observ^ations of features that you may see, and to 
determme how those features were formed'and what might 
happen to them in the future. 

Although you have lived on the earth all your life, there 
is a good chance that you have wondered about one or more 
of the following. 

r. How old is the earth? 
' 2. Has the earth always looked the way it does on the 
facing page? 

3- Has the land that your school rests on always been 
there? < 

4. Is the earth changing in any way? 

5. Do thib continents actually drift? 

6. What causes an earthquake, a volcano, or a landslide*^ 



> 



MAJOR P0INT5 

1 Observations of tho earth from different 
locations (outer space, an earth satellite on 
the surface) vary and lead to different iriter- 
pretatlons; 

2. Tfie earth is a changrr^g plar>et 

3. Trie shape of the continents led early geoU 
ogi:.ts to hypothesize contmerual drift. 

4 1 fie occurrer^ce of qlncial dr ii{ and grooves 
m the Southern HernKiphere continents and 
India are correlated and support the driftmg- 
continent hypothesis * 
3. Earthcriakos ropit t,ent the interaction of 
crustal plates and occur In zones at different 
depths- 

6. (Magnetic anomalies indicate the spreading 
.of ocean crust away from mid^ocean ridges. 

specia;, note 

Chapter 1 provides a transition for the student 
from the Core-Excursion model he has been- 
used to In otfier units to the Core-Resource^ 
model used in Crusty Problems. You are en- 
couraged to have a shWt discussion with stu- 
dents when they finish Chapter 1. concerning 
how the resources are organized and when 
they are to use them. 



Encourage studervts t<* 
of writing questions. ♦ 
answers, m their Met 
excellent opportun»»v t 



• Unw this suggestion 
vMich they have no 
A Hooks This IS an 
^it'f'sn the sound «irt 



enttfic concept of a^^Uinq the right questtofis. 
and then searching for answers to them 



Have you ever thought about any other questions related 
to the earth? If so, why don*t you write them in the space 
provided in the Record Book, and then as you study this 
unit, or when you linish, check back and see if youVe an- 
swered them. 

Before moving in and getting a closer look at the earth, 
examine the chapter-opening picture once again. 

□1-1, If you were an observer from outer spacer, how would 
you describe the planet before you? 




* FlQurel-l 
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Figure 1-1 shows a portion of the planet as seen from 
about 150 miles above the surface. 

■ ■ • / 

□1-2. List |he important features you see in the photograph. 

□1-3. In the photograph, do you see any evidence of motion 
or change? 



31 



If you said No in response to question 1-3, your answer is 
corr^-ct, baj>ed on the evillence in the picture. 

□ 1-4. What would you say if asked the same question about 
higure 1-2? If you decided that change is shown in the pho- 
tograph, list the evidence you used to make that choice. 

From the evidence in Figure 1-2, there's no doubt that 
at least that f)art of the earth is active and changing. One 
of the excitmg area§ of study a geologist encounters is the 
study of the ways the earth has Changed through time and 
what might have caused the change. 

For a momept let's consider the subject of change on a grand 
scale. In 1915 Alfred Wegener, a German scientist, proLed 
that all the continents were once joined together and formed 
one super land^ass. He also proposed that this landmass 
later broke apart into separate continents. One of the first 
4ines of evidence to suggest such an idea is jhe shape of the 
conunents. Try your hand at fitting the continents together 
as you would a puzzle. For 4he activity, you will need th^ 
following materials: , ' - 

1 pair of scissors 
1 map of the world 

ACTIVITY 1-1. Cut out the continents of North America, South 
America, Eurasia, Africa. Australia, and Antarctica. 



Figure 1*2 
DOWN TO EARTH 



The single supen^ontincnl that mado up ih^ 
earth about 225 million years ago in the contU \ 
nental^drln theory was called Ppngaea. This 
huge mass split into two parts-^LaurasIa and 
Gondwana. The first of thesa' became North 
America. Europe, and Asia. The second con- 
tained the land that through the ages became 
South America. Africa Australia. Antarctica 
and India. At a much lator time. India drifted 
north to join 4he EiHasian continent. 



DRIFTING 
CONTINEIITS 





This prdctK..' in iismg the j^esourcos Be 
Stiffs tiuit sJiKlrnts go to Resources 1 atid 2. 
r»«ad ttu'm..nii<l then decide to us. one in 
answwing quostion 1-6 Both of them soem 
Jo support Iho rontinontal drift theory The 
first iir.ns qiaciation and the resulting rock 
m,>ikiiujs; the s.^cond employs rocK layoring 
and frissils Tho student explanation should 
Iherft.'ie Involve one or the other of those. 



V THE QUAKING EARTH 

Therrt is a closo connection between tho con- 
tinental drift ttioory and the occurrencn of 
earthquakes It. as is theorized, tfie eaith s 
crust IS moving in large sections, or plates, 
then nt the ppmls that these plates are pulling ■ 
npvt r>i coifiiiuj together there woutfJ tend to 
bo disturbanoiis. The sliding, fracturing, or 
buckling of tho crust could be folt In the form 
of A shock wavH. or oarthquako. 
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ACTIVITY 1-2. Piece the continents together In «uch a way 
that you get the beet fit possible. 

Sfudonts should not oxpoct a peitoct fit fvtany 
things ..could happen u, shorollnos to change 
their shapes. 

If you were successful, you probably were able to put the 
pieces of the puzzle together to form a superconiinent. Now 
suppose someone were to ask you if. the* continents were 
really together once. What would you .say? What kind of 
information would you need to support the idea? 

Now you have a problem on your hands, don't you? 
Whenever we have a problem to solve, we need information 
(call it data if you wish) to help us solve the problem. In 
this unit, the source of that information will be in the set 
of accompanying resources. In some cases, you will not only 
have a problem posed, but you will also have to search for 
the resource or resources to help you solve the problem. For 
the first problem, we'll give you some direction in terms of 
which specific resource ^ou might study., 

The problem you have here is this> PVhai kind of evidence 
will support (or reject) the idea that the continents^ere once 
joined together? Read through Resources i and 2 very quickly 
• and decide which one you would like to do. 

□ 1-5. Which resource did you do? * 

□ 1-6. Did the resources support, orW^ect, the idea that the 
continents might have been joined together? Explain your 
'response. 

« 

Let's continue our examination of the earth. You probably ' 
have never experienced the shock waves produced by an 
'earthquake. But you probably have read in the newspaper 
or seen on television the destruction of property and lo^ of 
lives due to these tremors of 'the earth. You might think 
earthquakes are rare events on the ' earth, especially IV you 
have never experienced, one. But this is not true. Hundreds 
of tremors occur daily all around the earth, many toasmal)''' 
to be reported. Now and then, however, one occurs that is 
powerful enough to destroy cities and towns and kill thou- 
sands of people. ... 



.Lets consider what has been said. If there are many 
quakes occurring daily, why would we say that few /of you 
have experienced them? Where do they occur? Hc£ deep 
in the earth do they originate? How powerful are dcy'> 

Let's consider the first two questions: Where on the earth 
and how deep below the surface do earthquakes occur? To 
find out, you will need the following materials; 

3 different-colored pencils 

1 map, in Record Book 

I epicenter data table, in Record -Book 

Below is a satnple epicenter data table, which gives you 
information regarding the date, time, location, depth, and 
magnitude of earthquakes. 

Table 1-1 




Th.) 3 colorod ptniciln uro local supply items 
Students could uno ,i r.-.iiilar poncil n pen 
with U\uv ink. nnd aruVhor coU.uhJ po„cil of 
pon In th« sarnpu. t;p,(.,.nt<'t (J/iti t.ibl« givon 
ifi Tablu 1-1. and in \\m fttbio m me Student 
nocoid Uook. .ID oruiy of -n" (<>, o.;pth refers 
to "noniiai- ;,i)d should tn; plotted ns a 
•shnllow oaithqu.iko n:. d<rfin».d m the chart on 
tho next pagt- 1 ho Magnuudo in the tnble 
lofors to the ..-norgy loloasftd by the eatfh- 
()i)ak.> The l,-ut,-o:;- n.anmtudo recorded on 
the scale mi.c, ,i.s um. w.ns 8 6 The AInskai. 
quake of iyti4 rcyiijterod 8 4 




^^1 

'.1 




prl Mn, Sec 

fOl;^ 12/26.8 
02:. ,47 51.6. 
C|3.;^5U.45.4,. 

06. 14' 50.2 
07 36 . 54.^ 
.07. /' 50 -,10.7 
;<n!2.5i5:::29.8 
.^ii > 26 55.6 

1^3:^48^532.8;: 
;i4;|.2i;^V42.9^ 

.<¥f^«M);26.6^v 
■^■14|M6^'.23.i; 
;i4S^59y^J2.6^; 



Lat 
37.2'NV 
7.0 tit 

51.7 M/ 

25.5 S 
51.9 t^' 
38.7. N., 
;•• 5.4'S'ii 
44.6,J^. 

'r' # 

^56.2"i5l 



f'30.2<E 
f 73.1 W 

176.9 ,W 




.42.3 -Nv 
62.3 N ' 



a Colombia;;;;^' • 



Northern 

Nejyj.Briti^^Regioaf . 
Felt ail) ^ Rabattl. V'' • , 
An<lrpanof IsIaiwJs,ii(y^ Is. ,-.>•: 

>South of f iji Islands' ' 
'^**'W!C^«'an<l«.'4Jeutiajx Is. .; ;• ^ 

Epsi-.>JeMg,ibtrinca*;Rcgion 

FflUvdIDinCottfd'Azur. sv- 
i^Wth-Sand^^ph Islands Region' ;;'.^ 
^?"^««^; Sinkiang Prov., China " 
Near H Coast of West New Guinea 

SoJbmon'Islaiids--' ^'^'-^.?;'-; . ' .-M^- f 
GentnU Alaska^- • -^j^ ' ■ 



Notice that if you read across a single line in Table M 
you will obtain informatipn about a single earthq|iake. ' * 
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1-7. aomo^f rt. 1. v)r\. at 1 12 26.0 (am). 

l» I (H Mti«» 1 l ufKt:y 

•J I .ilttudf .^Z 2 N 
« Louyilu.U* -30 2 " L 



Mi)st (Mrllujuaki s fall in tho shallow cat«Mj(>ry. 
This t\ uHpectaJiy tiue of the fiiyhly (JeslrucuvQ 
ones 



Table 1-2 



. ^udfMts may n».KJ help it\ ploUin(j*points on 
a m;u). ijr>ing latitude and longitude. You 
migjit warn to usila standard fjeographic fruip 
/on wiMch thoy could road tho latitude. and 
iongiiudo of principal citiesNor praclice. 



Figura 1-3 



□ 1-7. To make sure you can read the table, determine ihc 
following for the first earthquake listed. 

a. Date earthquake occurred 

b. General location "C^^ 

c. Depth (km) 

d. Latitude 
a. Longitude 

How did you do? If you were successful, continue on, If 
not, go back And study the table. 

Using the data from the table, you are to plot the location 
and indicate the depth of each earthquake. To indicate the 
depth, utilize the fplloWing chart in plotting your earth- 
quakes. 





^ 't Depth (km) ' 


Symbol or Color 




1^-0-69 '■ '€ 

■V-'i' --70-299 >• 
fMore than 299 -^^ 


. + blue > / 
yeUow • 









To locate the position of the earthquake on* the map re- 
quires the use of two Coordinates. You're familiar with locat- 
ing a point on a graph, using X- and Y-coordinates; on a 
map, latitude and longitude are used. 

For example, in Figure 1-3, point X has the cbordinates 
of latitude 30* N, and longitude^O* W. Look at point Y, with 
a la titude of 15* *4nd longitude of 90* W: 
-.1— 




I 11-8. What arc the coordinates ol" point Z? 
:..^.^'.'! 15" N and longitude 120» Wt 

dfilT-M l""* I'l'' on th. .ample epicenter 

data table ha. the coordinate. 37.2- N and 30 2- E and I. 
locat^ a. .hown on the map. Find thi. location on your map 

the epicenter data table on page 3 In your Record Book dIo^ 
all the earthquake. In this manner. ' ^ 




fh.?." m'"' earthquakes you have just plotted, 
list .the regional locations of the earthquakes. 

Sim^H ^"""'"^ ^""^ earthquakes are randpmly dis- 

mbCted over your map. or are they concentrated in zones? 

. Look over your completed map again but, this time focus 
on the depth of the earthquakes " - 

□1-11. Can you find any zones on your map where there 
are concentrations of shallow, moderate, or ^deeo ea^h 
quakes? If so, where? ' 



.«|MI1 K- ■ . [1,,,.,.. i„„,,u.c-JH:nUilM 
•■v..!.-,„ !....„ .. . S-.Ki,.,,... Should .^o 

.iD.c to n . ,,.|„: ll,'- ,.„,j runim,; ||u, i>:u ,uc 

■(.• . .„ ,„,. South" PacJ 

■ .,..,1., „M, u.Mn,.K, ;,.e contcM ' 

' t.K ...J v,utl. A'Mulic .vi^ tluouyh 

'•■^'■■••'"'■•) of huj,,-, i-wouoh the 

""^.'l.-V.!.-. wni.o,i..,.it ll,-,,-,,, „, )„, r-tudonts 

' 1-:). tu:, ,„o d.M,n,lHv ,n ^o,u»s 

'•• - • -...I,. .(.;>„ Of Vh.-ll,.rt. q-,.,k.^s 
Arlu.-iic,, /■,•..•..(„,„ 1-11) 



Studunt attempib to explain tho pattern or 
develop a modal should prove interestuig. 
You might «/ant to point out that there is a 
close correlation between volc.uiic activity^ 
and earthquakes in terms of location The 
"fing of fire" around the Pacific Ocean Is an 
example of this relationship 



You now know that earthquakes do occur in zones and 
that some places on the earth have more shallow earthquakes 
than other places. 

□ 1-12. How can you explain this pattern of earthquake 
location? Why are there zones of shallow earthquakes and 
zones of deep earthquakes? 

□ 1-13. Refer to Resources 3 and 4. Does either resource 
provide you with an adequate explanation of the two obscr-, 
vations concerning earthquakes? 

□ 1-14. Can you describe another model that might explain 
these observations? 




At this point in Chapter 1, you have taken a first, large- 
scale look at the planet on which you live, an^d you also have 
a general model , from which to view the earth. Like any 
model that you have developed in this course, it is temporary 
and subject to change as new data and evidence are gathered. 

More about resources 
% 

In this unit, you will be asked to solve problems by an- 
swering questions posed about geologic features and events. 
To make it clear to you when you should consult the re- 
sources, we'll use either this symbol, 



or this. 



^m«Ji^iii.iii:4:f 

When this occurs, you should turn to the resource section 
at the end of the chapter. Everything you need to answer 
all the problems will be somewhere ampn'g the resources. 

Important Note The resources follow eaeh ehapier and those 
following Chapters 2. 3, and 4 are further arranged into clus- 
ters. 
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For example, if you are working in Chapter 2, for each 
resource problem^ in that chapter, you will be directed to a 
cluster of resources indicated .as Cluster A, Cluster B, and 
so forth. 



Remember, resource Implies support, and that's what you 
get. Each resource contains informalion. that you can fall 
back on to fill gaps in your knowledge. Unlike excursions, 
however, they are not arranged in the order you will need 
them, even though they are grouped by chiapter. It is up to 
you to find and use the ones you think will be helpful. 



?. 3, niid 4 A cliistof (if (t#s()iit(.«»s IS ufuii-d 
at n p.irticiiliw j .ut of »»■ •.iit)jtM.I m.<iu>i of tl...- 
chapter 



Take a look at the general geology chart (the composite dia- 
gram, shown in Figure 1-4 below). If you lopk closely, you 
should find that part of the diagram contains features some- 
what like those near you. Students all over the United States 
will find this to be true because the drawing includes niost 
of the important landfornii found in this country,/ 



HOW THE UNIT IS 
ORGANIZED , V 



Figure 1-4 



s. 



' 'rrrm^Ti nrnr ~ . i tht>*"r" in n7f .1 : rr t • TiT» n . . »\\ 

IMiN p« I' \ \im JmhjUI ti.u«' tfr- iUu u:.m» ■ 

tM><' h.i . r.huwn \UM M.-n.' AmU .ii.t 

fUhn l.Uit lo q.* !ii thO\*' mj|;m f:-vc \\i • 
lh#>y will Ify U* ,in*;>AfOi .ns o« .i.- • 

tlu- pft)hU»fOS / ithoul At)\ It win Ifj • 1. M»k 

You in.iy hav(: Nrdt> .i '^-dwivr ,*^» i : iin 
pom: hf.inj t!i.«t llu; us*' of tt».' |. ..ufi:.- ..lii 
vKlo*. !»w <M-..i':.| aiuJ nu>M |>f.K:lrr;j| j).ilh 
tJnt)iK|ii thf» nr.. I 



Figure l*^ 



Figure 1-6 



Set 



:ach of the three chapters that follow focuses upoi\ tea- 
TUTes shC>Wn in one oF IKelBrec^secHons" fAVB; orXy tTie' 
diagram^. As you work through the chapters, you are to use 
your resources as a help in explaining how the various fea- 
tures got the way they are. 

Chapter 2 centers upon some of the most spectacular sce- 
nery in the United States— the mountains (section C). In it 
you will try to figure out how landscapes like the one shown 
in Figure 1-5 got the way they are— and even try to guess 
what the area may look like in the future. 




Chapter 3 deals with what might be called the "midlands" 
of the United States. This is the area shown in section B 
of the diagram. Amohg the features you will interpret are 
the ones shown in Figure 1-6. ■ 





r 



Chapter 4^als with the area that borders the sea-(he 

Ttie Rmd or fealubs you will stud>sin Chapter '4 are shown 
in higure 1-7. • . > * 




Begin; your study of "crusty problems" with^ Chapter 2, 
The Mountains." When you haye finished aU the chapters 
und the appropriate resources, you should be better able lo 
interpret the country you live in. Good luck! 

♦ 

Before going on, do Self-Evaluation 1 in yotfr Aecord Booic. 

1 ^Ancient Ice Sheets 
and Continenfal Drift 

• 10 pro^j supportive eviden. eTlQUlPMtNT USr 
giaciation, for the uontinenlkl drift * 




Figure 1-7 



PUMPOSE 

b.iM-d on giaciation^fpr the uontinental drift* 
""■^^'V ' Cut-i>p m.^ fronj Activity 1 

During th^ late .nineteenth century,' geol^hiS'discovered 
evidence that an ice age existed" about 200 million years ago 
in three continents of the - Southern Heniisphere-South* 
America, Australia, and Africa. What was the evidence and' 
more important,, what does an ancient ice sheet have to do 
with continental drift? • 

First lefs look at the evidence" Figure 1 shows a rock 
outcrop that is irather smooth in appearance and has a series 

This resource Is aimed at quostion 1-6. # 







MAJOR POINTS * 

r. An (c« d-ie existod tn Sowtt. Am,,,.. .. Ai.s- 
tfalia. ana Afrtca 200 r„ifi,o„ years a„o 
2. 'J'00v«s in .1 ruLk surfac." can 

mad« by tha mov»ment of .m ito rrm w 
3^^D«pos.t8 left by glacieta a.e call«d glacial 

4. Glacial -jrooves and d/ fts of about thtf 
. aama ag« have boon found on South America 
Africa. Australia. Anta-ctlca and India 

i„ .K <o have formed * 

in the direction thay are oqw found, u would 
W b<»en necessary mr tho glacier to have 
moved from an area now covered ocean 



o( nK,ks you 11 probably agree ilim wKai^vcr scratched the 
rocks m Prgure 1 mu« have been a very powerful force We 
know now >ha< such grooves can be made by a huge ma^ 



Figure 1 




A glacier carries, at ,ts base, rock fragments of various sizes 
ih^i act as an abmsive, like sandpaper. Thus, as fhe glacier 
moves along u Capable of scratching aAd cu ting deep 
grooves in the ro^c. • ^^^P 

hrTlh".l^""" of evidence is the location of deposits simi- 
ar to that shown in Figure 2. Notice that the material con- 
tains rocks of-.vanous sizes, from large bouldere to small 
^agm.nts. Also, note that there is an abundant SuppK o 
finer matenal. such'as saiid, mixed in with the mass of rock 
This IS a t>pica^ feature of glacial deposits. Such a deposit 

•umVorm •^'''''f^- '''''^ deposits, are mor 

water ''"^ ""^^ the sorting effects of moving 

' Glacial groove^and drift of about the same age have been 
■ and Indift! Figure 3 shQws:the distribution of ancient glacial. 




Figure 2 



— 




; := Glacial drift 
= Glacial grooves 



drift and the direction in which gfaciers moved. (The direc- 
tion of glacial grooves tells geologists the direction in which 
the glaciers moved.) Look at South America closely. In order 
to explain the glacial grooves there, it would be necessary 
for the glacier to have moved from areas now covered by 
an ocean/ Also, note that gl^ial drift is ibund very near the 
equator. * 
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Figure 3 

v.ludorits Will h,jv<.' fufihor t: ;■ -nco with 



nirsouRcc i 13 




f r 




\ 



EQUiPMENr LIST 
None 

PURPOSE To provide support!^ 'jM-yi^ence 
based on rook layen; and fossils, lor thd con- 
tinental drift theory. ^ . ' i 

This resource is aimed at question 1-6. 



Figure 1 



Urn cxplanatum of these facts, is that the UtnUina.sscs were 
connected at the time of t^iaciation and then ihc continents 
moved apart at a hiter time. 

ACTIVITY 1. Lteing the cutouts of the continents iWl^ Activity 
1-2, draw the arrows showing the direction of glacial motion 
on each of your cutout continents, as shown on Figure 3. Use 
a colored pencil to show the distribution of drift. Fit the conti- 
nent vtoget|»ter, using as guides the direction ibf the arrows 
(assume the glacier moved out In all directions from a central 
area) land the distribution of drift. 

ni- Do you think the distribution of ghicial drift and the 
location ofglacial grooves provide* evidence to support, or 
reject, the idea of continental drift? lixplain your answer. 

□ 2. If not, what other explanation can you make? 

2 Rock Layers, Fossils, 
and Continental Drift 



Do you think the rock layers on the left side' of the highway 
in Figure 1 match the rock layers on the right side? Compare 
the areas at the ends of the two lines AA' and BB'. They 
should help you conclude that they do match^ 




1/ 



\ou shx)uldn*t be surprised, because engineers blasted the 
rock awaj to build the highway. However, the photograph 
Illustrates one of the things that geologists do; namely, try 
U> match rock layers that are separated from each other 

Let s look further at the idea of matching rock layers. 

ni. Can you match one rock layer with any other rock layer 
shown m higure 2? ^ 
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The problem of matching is a little more difficult in this 
photograph, but if you use a rule you should be able to find 
several layers that match (based on the color of each layer) 
Nouce the thin dark layer near the top on the ridge at the 
left. Perhaps you used this layer to help you match with other 
layers. To understand this examine the diagram in Figure 
3. Notice how the layers are matched on the basis of the 
color of the rock. 



Figure 2 



Figure 3 
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Figure 4 shows diagrams two spquenccs of roclc layers. 
All the rocks arc layered. A key^ provided to help you 
identify the rocks. 

□2. Do the layers in rock sequence 1 match the layers in 
rock sequence 2? • ^ 



Figure 4 
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The seed fern Glossopteris shown h^e must 
havG flourished in great abundance In the 
Southern Hentisphere some 250 million yoarS 
ago: as evidenced by the profusion of fossil 
remains. 



Figure 5 
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Rock Sequence 1 Rock Sequence 2 




Tilllte (rock 
formed from 
glacial till 



Mixture of sand- 
stone, shale, 
coal with 
plant fossil 

Shale with 
animal fossil 



Shale 



You probably found that the bottom Ihree layers in each 
sequence matched. The first layer,- or lowest layer, is tillite. 
Above that, is a layer that is a mixture of sandstone, shale, 
and coal with a plant fossil,. The third layer" is shale with 
animal fossils. The fourth l^er in sequence 2 is a mixture 
of sandstone, shale, and coal, which appears to be missing 
in sequence 1. However, the fifth layer in sequence 2 matches 
the top layer in sequence 1. The two layers are very similar. 

How is this going to help you decide whether the conti- 
nents drifted ^part? Let's examine these sequences again. 
Figure 5 shows a drawing of the plant fossil found with the 
layer of sandstone, shale, and coal. 

You might have used the fossil to help you answer ques- 
tion 2. Geologists use fossils to help them match rock layers. 







Jn tact, the presence of a certain tvpe of fossil is a better 
ciuc that the layers match than is the' type of rock. Notice 
that the layer containing this plant fossil, which is called 
Cilossopteris, lies just above the tillite. 

Here's one more fact that might be helpful. Rock sequence 
^ 1 m Kigtire 4 is found in southern Brazil and rock sequence 
2 IS found in South Africa! 

□3. How can you explain the ^currcnce of similar rock 
layers and identical fossil plants on two different continents? 

Probably the strongest kind of evidence to support conti- 
nental drift IS the presence of identical fossil plants, such 
as Clossopteris, on diflerent continents separated by hun- 
dreds of miles of ocean. Identical plants could hfirdly have 
developed in areas separated by such distances. It is possible 
that {he seeds of these plants could have floated across the 
ocean, but most biologists rule this out. You may suggest 
that birds carried the seeds. However, the first flying animals 
did not occur until millions of years after this time. Thus, 
the idea of cominental drift was suppc5rtcd on the basi.s 
of similar rock layers and fossils occurring on different 
continents. 

You might be wondering whether similar sequences 
and the fossil plant Glossopteris have been found elsewhere 
Well, they have! They were found in Australia, India, and' 
Antarctica! 



3 Contraction Theory 

Itatsn'f.Tr " EQUIPMENT LIST 

. ■ None 

Tilting of rocks, movements of the earth's crust, and earth- 
quakes are examples of the kinds of forces that affect the 
earth. What produces these forces that dimple, wrinkk, 
bulge, crack, and tilt the earth's surface? (See Figure I.) 
Geologists disagree upon this, but several useful iriodels have 
.been developed". 

One model is described bblow. Read the description care- 
fully and think about how the process being described might 
have affected the earth. Later you will be asked to use the 
model to explain how certain mountains were formed. 




PURPOSE: To piovid*; .1 possible explanation 
for occurrence ipf earlhquakos 



MAJOR POI 



1. One model for niountiiin-building and 
earthquakt?s pictures llio earth a<? having a 
tough creist around a ooro that is shrinking as 
it cools 

2 As the core shrinks, some parts of the crust 
are uplifted to form mountains and other parts 
are pushed downward lo form valleys, 
3. Cracks form in the crust because of these 
opposing motions. 
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Figure 1 



N"ti» th." '-.tu . i.-titiori ttiat i;u: Miidcnt l-.ikt; 
VVlllllKJ to lii. i.; a tMktrd .J| ()l<! to i-,i:tin.il 



Have you eVer seen what happens to the skin of an apple 
when it is baked? As shown in Figure 2, the skin -l?uckles 
and cracks as loss of water causes the fruit inside to shrink. 
If you have never seen a baked apple, bake oac at home. 




Figure 2 
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One nuKlcI lor mountaiii-buildini: and carduiuakcs views 
the earth as beinii somewha! like a baked apple that is. as 
havfng a tough "skin" around a to^: that was once very hot 
and IS now shrinking as it C4H)1s. According to this model, 
the core shrank, causing sonic parts of tlic earth's crust lo 
be uplifted, forming mountains. Other part.s of the ^nsi were 
pushed downward into valleys (see J-igure 3). ("racks formed 
in the crust and these led to still other changes. 



Mountains 
Valley- 
Surface rock$ 



Earth's core 
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4 Sea-Floor Spreading 
and Earthquakes 

Tins losource is aimed at qn.^stions Ull 
through I-14. 1 

You huve completed an exercise in which you plotted the 
locationjof many earthquakes. Geologists have been collect- 
mg sim/lar data for years and have compiled the data as you 
did whin you plotted the earthquakes. Figure 1 on the next 
page isl world map showing the distribution ot earthquakes, 
^-*/that the eartlKjuakes are restricted to zones or belts 
c not evenly distributed on the earth. 

^□1. In the region between South America and Africa, are 
the earthquakes shallow, intermediate, or deep? 

□2. .How deep are the earthquakes that occur along the 
;western coast of South America? ^ 

C33. Identify two other areas where intermediate and^deep 
e^arthquakes occur. / . \ 



Figure 3 ^ 

I Quiprvii:NT lusr 

sheets ot iu>(olK>ok p.iper 
1 bar rn.iqin I . 

Mod and bluo porjcils , ' * 

("iJRPOSr- Tt) <»x.irn"M? the Wum.s of. 
r.on^looi -iproadiru) onU the losuliiruj effect of 
earthquakes *' * 0 

MAJOR f 'GIN I S 

I Shallow oarihquakos follow a pattern 
around l io earth 

2. The system of shallow oiuthquakes out- 
lines the nf)Ki ocean nd(ji: system 
3; One tiicury is that tt»e oarth's crust is sepa- 
rated into plates that can spread apart or sUde 
togetfier ^ 

4. Accordiruj to tfus tfieory.jiew crust is being 
formed <jt the mid-ocean ridges and is 
f:preadiri(] away in oppo.^ite directions. 
^ At other places tfie older crust is s^n^ 

" hack imo ttie earth. « 
(y The eartfrs magnetic fiojd has/reversed 
several tirnos in geologic history ( 

* /. '^c^QMetisni induced in tfieearth'sVrust can 
form a record of the amount of spreading of 
the sea floor. * ^ 
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Figure 1 



Some of Vn:' voIcmic mountauis m the 
mid-ocean lu ige syr-trm nrv rather active? Tho 
269 inhabitants of tjr^y Trir.lan'da Cuni^a had 
to floe t^oir island in 19G1 wJi6n the volcano 
on UiO island erupted 
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You should have noted' that there is a zone of shallow 
earthquakes splitting the Atlantic Ocean. In fact, if you 
glance back to the map you can ti^e the shallow earth- 
quakes around the cartl^. This system of shallow earthquakes * 
is known' as the mid-ocean ridge system and consists of a 
chain of volcanic mountVins. Shallow and deep earthquakes 
occur along the boandurjes of oceans and continents (such * 
as South America and the Pacific Ocean) or between two 
continents (Africa and Europe). 

How can thi^ pattern oAearthquakes be explained? Qnh 
theory th^ has been proposed states that the earth's crust 
is separated into plates thatyin some places ^p6^preading 
apart and in other places a^e Colliding. The earthquakes 
occur when these plates of crilst are separating or- colliding. 



Accordinii io the theory, new crust is being rorined at the 

ntid-occan ridges and is spreading away in two opposite 
Indirections; at other places older crust, is sinking back intt) 
^ the earth. It's like a great big conveyor belt. Figure 2 .shows 
V a continent ritiinj^ and then the two .i^vgnienis drifting away 

in i>pposite directions. New cvusi iornis Wnd spreads away 

I'roni a central ridge. 
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^f^jif^^^ Continent 
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jt^^^ New cruet 
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Trench 
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Trench 



Figured 



What evidence is there that the ocean floor is spreading 
away from the mid-ocean ridges? To find out, you and your 
partner will need a bar magnet, 2 compares, 2 sheets of 
notebook paper, and a ruler. , 



It (!>•' K-; .ire n,i: .-.(Mly inovah sovc^al liooks 
piloci into twA -•vill v,t;icks nwiy b.) usod. 



ACTIVITY 1. Tape together the 2 sheets of notebook paper, 
as shown. Move two desks together so that they are touching. 
Insert the two sheets of paper between the desks with the 
taped end hanging down between the desks. Fold the left 
sheet of paper so that the top half rests on the left desk; fold 
the right sheet .In the same manner over the right desk. As- 
sume that the Joined sheets of paper represent a continent 
before break up. 
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Taped end 
hanging down 
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AO^VITY 2. Place a smi^) bar magnet next to the papers in 
the groove between the two desks* Place -two compasses on 
each] sheet of paper, as shown. Turn the magnet around If 
the needle on each cempass Is not pointing toward the mag- 
net. The magnet j^epresents the earth's magnetic field, and 
the compassed will be used to detect tfe field. Draw a line- 
on each sheel of paper along the groove. This line represents 
the ^dge of the two continents. 

J Be careful that tho magnet doos not slip be- 

twtjon the desks and fall to the floor, f^any 
good iiiagnots are molded from finely ground 
- ' m.iqntUlc matorial and will break if dropped. 

* A uinall piece of tape can bo ur»od to hold the 

m.ujiu4 In pla^^ 

ACTIVITY 3. Rift, or split, the supercontinent by placing one 
hand on each sheet of paper and slowly spreading the papers 
away from (he center. Spread each sheet of paper about 3^ 
cm from the rift line you drew. Shade lightly in red the area 
of paper that you have pulled out from beneattfthe table. (This 
Is the rift areaO 
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ACTIVITY 5. Turn the magnet around so that the end 
that was away from the paper Is now pointing toward the 
paper. Spread the continents as you did In Activity 3. but this 
time spread them 1.5 cm. Shade lljhtly In blue the area that 
was pulled out. Again, measure and record the direction of 
the compass needle, as you did In Activity ,4. 



Turn magnet 180" 




Repeat Activity 5 two more times, ^spreading the continents 
2 cm the hrst t.iiie and 4 cm the second. Be sure to alternate 
the colors, and also be sure to reverse the magnet each time 
^ It has been discovered that the earth's.magnetic field has 
reversed several times during geologic time. Each time you 
turned the magnet around, you were reversing the earth's 
magnetic field. No doubt you have worked with a maenet 
and yt>u know that metal, such as iron, wili be attracted to 
a magnet. According to the sca-floor spreading theory if 
mo ten rock spreads away from the central riff and if the 
rock contains metallic material that would act like little com- 
pass needles, then the record of the magnetic field should 
be recorded in the rock. The little metallic "compasses- 
would line up with the earth's magnetic field ju^t as the 
compasses you are using line, up with the magnet. 

Figure 3 on page 24 shows a diagram of the magnetic field 
recorded tn the North Atlaniie. 

The ridge axis is in the center and the shaded areas repre- 
^em rock on the- sea floor that records the earth's magnetic 
held as normal (same as it is now), and the white indicates 
rocks wuh a reversed magnetic field. 
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Figure 3 
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□4. Does the diagram iif Figure 3 resemble the model you 
made with the two sheets of paper? 

□5. Measure the distance along line AA\ from the'ridge axis ' 
to the last shaded area^ each side of the axis. Are the two 
distances about the same? * 

□ 6, What does this tell you about the amount of spreading 
on each side of the ridge? ' 
% 

Examine the drawing on the two sheets of paper that you 
worked with in Activities 1 through 5. According to the sea- 
floor spreading theory, the Atlantic Ocean now occupies the 
area between the "two continents that you split apart. Assume 
South America is the continent on the left and Africa the 
one on the right. „ . . 

JUT. If you were to collect saqjplcs of rock at the ridge and 
at several other areas between the ridge and South America, 
what would you predict about the age of the rocks? ^ 

Since the activity at rtje ridge is near the surface^ of the 
crust, the earthquakes are shallow. As new crust forms, it 



about ^ I '^l ^'^^ ^'"'her side 

about the same. Further. ,t has been discovered that the 

rhcy are. Thus, scientists now believe the ocean flopr in the 
Atlantic IS spreading slowly away Ironi the mid-ocean ridge. 
7he pattern ol eartlftjuakes along the mid-ocean ridge out- 
lines a huge cj||^ m the earth's crust. 
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■ 'ttiiiibfi{?() lucH samples • 
■<>« )ur_cf;, 5. 6. 7. 9, and 
'niiicials iiio used iri Re- 
ottH-t resources use rather. 
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n,M..,i.. tt,^f^,al1 rock-and mineral sam- 
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Retourcas 6 through 23 are used In this 
chapter. Thay are grouped at the end of tha 
chapter In the following clusters Cluster A, 
6 through 12; Cluster Bw|13 through 16; Clus- 
ter C. 17. 18. and 19;*Clu8tar D. 20 through 
23. 

The Mountains 

EQUIPMENT LIST 

1 sheet of white paper 

Scissors 

Ruler 

Square of modeling clay 

1 protractor 

1 6" X 7" Index card 

Tape 

String , ^ 

Waighl ... 

Numbered rocK samples 

1 hand lens 

1 naadie or sharp nail 

Suppose you were asked to guess where the photograph in 
Figure >1 was taken. WeVe not so interested in the plac^ 
biit rather in the general geologic setting of the picture. As 
a clue, we*U tell you that the features you see are called ripple, 
marks. 




Did you guess a seacoast, a stream, or a lakeshore? All 
of these are obviously sources of water. You may be surprised 
to discover that the ripple marks you see are in the Rocky 
Mountains in Colorado! * 

Not only are they in the Rocky Mountains, but they also 
*are not lying flat-. Look at the complete scene in Figure 2-2. 
The ripple miarj^ surface is tilted! 



CHAPTER LMPHAStS 

Mountains aro spectacular geologic featuios 
that have beun subjected to forces from within 
tiie earth Making obsofvations of both the 
materials ancJ tiio Qeneial appoaranoe of tfie 
mountafn8 will enable the student to int'upret 
how they wore formed and to make predic- 
tions about the^r future 
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MAJOR POINTS 

1. Interpretations of geoloflic phenomena 
such as tilted rocks with rippio marks can be 
made only after carcfuf observations. 

2. The observation of a rock's texture will 
enable the student to make Inferences about 
Its^rlgln. 

3. Hocks can be classified according to teA- 
ture and composition: a) as having either 
Interlocking or nonlnterlocking texture or b) 
03 being Igneous, sedimentary, or metamor* 
phlc. 

4. Most rocks ore composed of only a few 
varletle?^ of minerals. This study is limited to 
a few Silicates, calclte. galena, and hematite. 

5. A model for the formative processes of 
Igneous, metamorphic, and sedimentary rocks 
can be made by simulating the procet^s in 
the laboratory. 

6. No single model can account for the for- 
mation of all mountains. 

7. The type of rock and general shape are 
clues to the formative process of mountains, 

8. Glaciers are investigated as an erosive and 
sculpturing agent of mountains. 



Figure 2-1 
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Two pieces of equipment that are llstod 
here— the geology cutout block and the cli- 
nometer—are constructed by the student. The 
cutout block Is made from a sheet of plam 
white paper and a square of modeling clay, 
using a ruler and scissors, and following the 
directions in Activities 2-1 and 2-2. The cli- 
nometer utilizes a protractor, white index 
card, tape, a short piece of string, and a 
weight, such as a sinker. Direction^ are given 
^ in Activity 2-4. The clay square may be used 
by successive students as they get to the 
activity, if standard dimensions are followed: 
they can use their own paper cutout on the 
block. Likewise, the clinometer may be used 
repeatedly once it is constructed 4»y the first 
•tudent. 
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We have two observations here, don't we? First, we ob- 
servq a feature that-was probably formed underwater, per- 
haps in the ^a but here it is high in the Rocky Mountains. 
Second, the surface upon which the ripples are seen is tilted. 
What does this tl^ll us about these rocks and this area? To 
find out, let's trace the history of this area very briefly, using 
the observations we have. iFor this activity you will need, 
a geology cutout block, a pair of scissors, a clinometer, and 
2 colored peucils. ^ , 
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ACTIVITY 2-1. Cut out the figure along the dotted lines; tfien 
within the areS marked by the solid lines, sketch in a'sdries 
of parallel lines, to represent ripple marks. 



ACTIVITY 2*2. Mold a square of clay the same size as the 
area within the solid lines and then fold the paper mold along 
the solid lines and place the model on top of the clay— you 
now have a geology-block model. 





Examine Figure 2-3, shown boiow. This is a cross-action 
diagram of the area shown in Figure 2-2. 

Red 
rocks 



Figure 2*3 

Now return to youV geology-block model, remembering 
that ^ou are looking, at one section of the area shown in 
Figure 2-3. 



f*ap()r 
modot 





Clay 



Note that the ripple marks on the sido of a 
mountain are being used to introduce the 
student to uplift. In other words, the student 
isiVt told that the rocks wore pushed upward; 
an inference of this Is made based on the 
ripple marks. 



Block flat 




ACTIVITY 2-3. Assume that when the ripple marks were being 
formedt the water was washing over level land. Place your 
bli^ck flat on the table with the ripples up. Look at the ripple 
mark zone of Figure 2^ and then orient your block the same 
as In the figure. You m^ have to support your geology block 
with a book. <s 
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Possibly students win not conclude that the 
rippis marks show that the rocks were once 
lying flsl This ts fine, but they should try to 
come up with sofne better <0cplanatlon of how 
the marks couid have formed* on the rocks. 



Note that the angle of tilt, or dip. Is measured 
between the vertical string and the midpoint 
of the protractor ecale Most protractors do 
not have the zqto point in ihe canter, so stu- 
dsnts will have to count the degrees in read* 
ing the angle. Soma may have difficulty In 
underftandlng'^why the angle measured from 
the vertical Is equal to the amount of t.':t 
measured from the horizontal, A theorem In 
geometry proves this to be true, but probably 
the easiest way for students to see It is to have 
, them visualize holding the clinometer on a flat 
surface (o^tilt): the angle measured would be 
0^. because the string would coincide with 
the midpoint of the protractor. Likewise. If the 
surface were vertical (maximum tilt) the cll- 
nometer,would show an angle of 90° between 
string and midpoint. 



Count number 
of degrees. 




2-2. 20^ tc 30 * (This Is a good checkpomt to 
see If students are reading the clinonietor 
correctly. If answers such as 05** or 1 1f)*" are 
given, they are reading the wrong angle.) 



i;j2-1. Write in your Record Hook a very brief account, 
baseci on what you have just di>nc, of what you think might 
have liapj)ened in the past in tlie area ol' the npple murk 



zone. 



YouVe probably concluded that the rocks in this area were 
once lying Hat but now are lilted. Some force must have 
pushed the rocks up from right to left on I-igure 2-3. If you 
return to your geology block you can estimate how much 
it was tilted up. (If you took down the geology block, tilt 
it again ^s the rocks are tilted in Figure 2-3 in the ripple 
mark zone.) 

ACTIVITY 2-4. The tilt of the rocks (geologists call It dip) can 
be measured with an Instrument called a clinometer. To maKe 
one, tape a protractor to a 5" x 7" Index card, as shown, and 
then, from the reference point of the protractor, hang a string 
with a weight on the end. 

-String - 



index ^ 
card 




Weight 



ACTIVITY 2-5. Place the clinometer on your geology block 
and read the angle directly off the clinometer. 
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□2*2. f4ow many degrees did you estimate the rocks have 
been tiited? 

This angle is known as the dip angle and, as you have 
found out, is a measure of how much the rocks have been 
tilted. To move many thousands of tons of rock takes quite 
a bit of energy. In this chapter you'll examine rocks in a 
variety of mountains and attempt to determine how moun- 
tains were formed, what they are made from, and what is 
likely to happen to them i/the future. 
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There Is purposwly ,in tilemcnt of dibcovflry in 
the ui6 of the sikk iti«»tl oiunimiHiu I do tftfts 

To jind out n\orc abinit inountain!», let's start by examining 
materials from the mountains. Select the, following rocks 
from the rock kit in the supply area;\iumbers 05, (Hi, uy, 
12, 13, and 17. * . 

To begin your study, you will need a hand lens and a 
teasing needle (a sharp nail will do). Your goal is -to be able 
to describe your samples and make a decision about the 
texture of each rock. YouVe going to discover that you can 
tell a lot about a rock from its texture. Enter all your deci- 
sions in Table 2-1 of your Record Book. 

ACTIVITY 2-6. Pick up a rock sample and look at It, using" 
a hand lens. Hold the rock a few centimeters from your eye, 
with the hand lens up to your eye. Rotate the sample In your 
^and (In good light), examining the surfaces of the rock. 

ACTIVITY 2-7. First decide whether the rock Is made of only 
a single kind of material or component, or more than one. 
Enter your decision In Table 2-1. 



in<| ntnirtlt). v\hu h t:<m bet ;tn Oftliiuiiy lar<jo 
M'N»<<j.» ot u s'l.ujj nail, lu ubcvl .i:,^ Ui\q 
to loosen iiuiivuiual <|riu r> of nui*eria! from 
:mo r^k sainplti if tht'so yrairir. diffm m vplor 
or othor char.n turistK;s. it Is roa!tun.il)ii> to say 
tfint tho tjaiupi.. oonsijils of niuto than one 
Kiful of fiutfiiaJ 




ACTIVITY 2-8. Focus on the way the components In the rock 
are held together. Decide whether the components are non- 
Interlocking, or If the components are Interlocking. Enter your 
choice in the table. 




At this point Iho studotus Can only make a 
Jud$jnfint on mtorlocking of components vis- 
ually. Letei they will study other factors that 
aid in making the decision. 



Ag.i.ii ,j ittU'iM III .)ti .jn.ii .;■ II. -lit of i:iiiii|.o- 
M«iu»;, iiMiM l«> fii.ulo vi.Mi » 'v i! this point 



ACTIVITY 2-9. For those rocks you decided were Interlocking, 
decide If the components are oriented In a given direction 
^ or randomly dlstrlbuteiT In the rock. 





Sttiji^lc Number or Color 


Number of Components 


1 ^' \ 

Texiurc 


Arrangement 






Interlocking 


Noninttrlocking 


Random 


Oriented 


' ■ . ■ • 


r...- *■ ■ • 

■ " 1- ■ 






/ 




• * * ■ 


> ' ■ v',: 

• . -vv ;- . ■ - - 


1 










"■^'■ f • 










^^^^ 












.\ ■ — " • — 1 

Table 2-1 







SiutJi'iiis who ,!,,< cafud.i ctjsoiv'Ms will r^d 
the fifst four ■'.jiiipies igiifi'.!-,. pirik. ijraiiilii 
<jabt)'o, Aiid iK.wWo) fall in ituV iiitoflockincj 
group mo oil. • two s.irn()|i;3 (ooiujl. itic..,t« 
and liMit>;;fofuM%»> noniotoiloi.kmy in toxtuio 
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Repeal Activities 2-6 through 2-9" for each rock sample, 
entering each of your decisions in the table. When you have 
studied each rock samplg, use the data to sort your rocks 
into two groups, one with interlocking texture and the other 
with nonintcrlocking texture. Take careful note of which 
rocks are in each group. Later, after you find out more about 
how the rocks are formed, you will return to explain wfiy 
they have different 'textures. You have now described a few 
samples of mountain rocks and have noted difTerences in the 
way they -look. 



^1 



•CJ- 

Here are some of the questions that you'll be tackling next. 

(. ]2-3. a. Mow do you distinguish among igneous, sedimen- 
tary, and metamorphic rocks? 

b. How do these t;ocks form? 

c. What kind of materials are these rocks made ol7 

After having studied the resi)urces m Cluster A, return to 
the six rocks you studied and answer the following questions. 

[ ]2-4. How do you think rocks with interlocking texture 
dilfcr from r<.Kks with noninterlocking texture in tcrm.s of 
theSlay they are formed? Identify at least one mineral in 
each (if the six rocks and indicate, in Table 2-2 in your 
Record Book, whether the rock is igneous, mctdniorphic, or 
sedimentary. 



Rock Number 


Mineral 


Type 


05 






• - 06 


-—tr-. 




- 08 






12 ^'■""■^ 

■ f ■ ■ ■ ■■ ■ ■ " , 






13 • 


✓ 




17 




« 



' ' ' < ■ It • « ' i- . » - f I >ui { t". V lir,t' r A 

' U» V.i:.».i»-. I .. ' ..^ HM V. fuHMtMl »in/l tli(* 

.'••■-l'. . .1. i». t*- If ': ihom apmt 

? ' ' w :; ii- li) : n. m- -.i r tin- tv.^. t|,ii**|iOHr, 
...kJ (..ii.jpl ljh|,< ' ; : TJui^jrittTVay 
vt'ni^.'u ! > .1-.. ::h* u".. .uM fs wisoly. 
H.MtJiM »v,r,j :.(i,.'i.iit-; in,i\ nof(i:.iclo 

...'>.t.'- .ill -i| iij,. oii.»s ,1 Hhv elut-tOf. QufS- 
l-i'tr * rHul .' 4 Kry n5;: it W.'Uiki 

! V/,-..' r. M.ih K .ins^vcr.. m M -cord Book 
i'^ VAH' L,|inuMiis <}fP.MKj the basic 



^ Table 2-2 



Before taking a tour of fhe mountains ir/ the Unitetl States,, 
let's jet a genefal picture of the^distribution of rocks in the 
country and how they are assooiated with tk^ouijtains. 
Exam<ne the m'ap in Figure 2-4 showing the fStribution of 
flat-lying sedimentary, steeply-tilted sedimentary, and 'igne- 
ous and metamorphic rocks. Compare the rock distribution 
map with the map showing the location of the mountains 
in the United States (Figure 2-5). Using these tw<5Siaps, 
answer.the following questions. / 



WHERE ARE THE 
MOUNTAINS 
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:*-r> f*ossiUlv .ill thf<Mf Kin.r." iht> ti,»iin»Hl 
Itn a«ir«f I- 0.n.i'<V ^<^Il^rl1•flt.tf ^ hut .«»nut 

may h*ivo\b<^ .1 nujtanu)fp?u>^«MJ lnlniM->tis of 
tjr.ifntt* t!n\j othiw plutourcs <»» i.ui alontj the 



Figure 2-4 



I 12-5. What kind i>r rocks would you find if you visited the 
Appalachian Mounlanus? 

I 12-6. Are there any mountains in your slate? if not, ^o on 
to question 2-7. What is the name of these mountains? What 
kind of rocks are found in them? 

I. ]2-7. If your response to^> was No, where arc the closest 
mounta'*^'** 



LJ2-8; What kinds of, rocks Would you llnd tiiere? 




i ) Flat-lying rocks 
I j Steeply-tilted rocks 



Igneous and meta 
morphic rocks 




Death Valley, California 

Your Hrst stop on an imaginary tour off c mountainous 
regions ot the United States takes you to the lowest point 
Ml the countiy Death Valley. An area 85 meters (2«() feel) 
below sea level may set'm like a strange place to begin a 
^tour oJ the mi)uatains. But if you take a look at Figure 2-6 
you w,li sec that some fairly high mountains surrimnd the* 
vallev. 




Notice how steep and rugged" the west wall of Death Valley 
looks. Piles of sediment, apparent in Figure 2-6, fan out at 
the base of the wall, and//ou can see patches of light gravel 
on the steep fan-shaped formation in the center of th'd pic- 
ture. If we examine the fan more closely, we can observe 
some features that may indicate that active proces.ses afe 
occurring in the area. Figure 2-7 is a view of an alluvial fan 
(sand washed down from the mountain) on the west side of 
Death Valley. Look closely at point A. There appears to be 
a line running left and right from this point. 

□2-9. What appears to have happened above the line on 
the fan? 




THE MTS. B 
FROM M * 
H V 




A tour" of :fu» inoiHWanjoo:; reqionn of tho 
U4nt^ St.iti r: o-Mjin- s^.ifh Death Valley. Ob- 
srMv.ition;; of l.iyi.-is n, {hr- fi;ount;iins prov.do 
ovKlonco for iiplilt, trio \v« (!(jo-sluipoc1 foim ot 
tN: mc intaios forthoi -.iKjijv^sts l)lo,.k faultinij 
Studont:. m.iy i-avr to u-U i b.ick to :;om« of 
Uv- /osi>u/c.:o:. ii: c^Iir.t.N A lo;* help ni rinswer^ 
ttio qoe.M.oir:, ma llicy will bo specifically 
tofciffcd to CiU:.'fl C 



Figure 2-6 
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Figure 2-^7 



2-10. The rnovoniont must havo beo'i upward. 
Layered rocks form horizontally, so tilting in- 
dicates uplift 
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Now look back at Figure 2-6, the west wall of the valley. 
Locate a zone of layered rocks. 

1112-10. Based on what you know about the formation of 
layered rocks, what does the position of these rocks tell you 
about the probable movement on the west wall of the valley? 

Figure 2-8 shows a general view of the Death Valley area. 
Once again, notice how steep and rugged th^ west wall of 
the valley is. Then check the steepness of the^^back side of 
the same mountain. Notice how many other mountains in 
the Death Valley area have the same wedge shape (see point 
A in Figure 2-8). Use Cluster C for help. 

□ 2-11. By what process did these wedge-shaped mountains 
form? 

□ 2-12. Explain your answer to question 2-11, using one 
model for uplift of the" earth's ctust. 
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Pacific Ocean 



Death Valley 




Weight of sediments 



Fault 
Figure 2-8 



Mono craters In California * 



About 320 kilometers (200 miles) north of Death Valley 
is a set of mountains that looks quite different from the ones 
you ve looked at so far. The Mono craters are a ^roup of 
about 20 domqs, several of which appear in Figure 2-9. A 
single Mono crater is shown at A in Figure 2-9, while a trio 
are shown near B. 



f 

li. '11.11 i\ifl' .II.'] • :".tM 
Hilu ^ III ili:Ulifhi V 



I . I . < J . 




Figure 2-9 




X"\: ft. 




If VDU were to look at the mo of craters more closely, ihcy 
would^appcar to he like the drawint^ iii hi^j^ure 2-10. 1 here 
you will iu)ticc that the dome contains a sliallovv'hole at the 
top. , , , . 





OUS i«n k callt!d .in oxtriiMvt;. nu.Mrnoi) that it * 
was tunuud alnivu (jroun.l. ^ 

hi the supply area are scnne specimens (nuniher 10) of 
J. rock like the ones in ^he M^nw crater area, fixamine one 
or more of these carefully, ai)d refer io Cluster B. 

□2-13. Based on your knowledge of rocks, what clue does 
the texture of the'' rock give yc|u as lo the origin of th<f rock? 

□ 2-14. Based on the shape of the features in I-igurc 2-10 
and the kind of rock samples you have seen, how do you 
think the Mono craters were formed? 



Figure 2-11 



l Aaminc I .gurc 2-11. a phoiogtaph of NJouni <;t. Jfolcns 
in lUc state ol" Waslungton. Notice thai th.k almost 
3.(HW-metc,(H).{)(HMbot)-hi«h g.ani stands well away Irorfi 
any other mountain and is rather eone-sliaped. " 

! 12-15. Do you thmk Mount St. Helens was lo;med uV a 
way suiular 4o the Mono eraters? f-xphun your answei^ " 

Stone Mountain, Georgia 

One of.the most interesting mountams in the c^)untrv lies- 
just outside of Atiarxta. (ieorgia. and is called Stone Moun- 
tain (see lyurc 2-12). Thi.s 2()()-metc.(65()-root)-high hunk 
of once molten rock is surrounded for miles in all diiVerions 
by rocks that ^«i)logists believe were originally formed in 
water but are now metamorphie. 



" ^ J- - f X.I !'.. . ,:;!, t ) .• 
"Ki' f ' .1 In- .|, 

• "K.. :..f n-.it.^.ir. Lilt 




The rocks that make up Stone Mountain are quite differ- 
in appearance from the rocks you examined from' the 
Mono craters. In 'the' supply area you will find samples 
(number 07) of rocks like those from Stone Mountain. Com-" 
pare these samplk with the Mono crater rocks 

•si , " 

□2-16. What do the differences in these rocks tell you about 
hbw and where the Stone Mountain samples were formed? 



FIgMre 2-12 



H, ;i „r:> •.„;■. ,.\ k:.. ■■...i tl,o Mono 
-ipUM.l.v-.li. > .1 .,,,n.w.o 

iiyin iiDliun n...'. \v;„j,. n,,-.. r.i..,„. Moun- 
: .'..I :\m;..i,> .<:,...iit. ) w ... i;,„,«.;j j,.,>p ,^,,|,„, 
' •• r-.ui'i. :.:„;. , i„...v/y ijrrt;:.;,!.?. add with 
• i-vr I'l i.vniiitiri ' 




«1^5;--.!!|:1;r 




; 12-17. ir tlk' njcks tioni Sionc NU>un(ain Vvcic ft)nncU ., 
within ,lhc crust, how can yoiucxphiin the fact that they arc 
exposed at the surface, and are higher than the surrounding 
rocks? Cluster U ^lU help with the explanation. 
♦ 

CHECKUP 

Ikre is a sketch of tlw loiuU ut shown in ihc phoio^raph 
in Fii>un' 2-/3. The li}^ht-colored rock is sedimentary, and the 
dark -colored rock is i^^neous. Based on the resources in Cluster 
C, answer the following. 
' " . ' • ■ * 

1. How did the dark-colored rock get where it is now? 

2. Which do you think is older: the sedimentary rock or 
the igneous rock? 



t .Figure 2-13 
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Rldge« and valleys of the Appalachians 

As the map m I-iguro 2-14 .slunvs. the Appalacliuni Moun- 
tanis extend over much of the eastern United States, l.ookm.. 

. closer at the mountains (see f-igure 2-15). three /ones can 
I c uicntihed as tolknvs: /one A. the Appalach.an phueau 
cons.st.„g o, Hat. geutly t.lted sednnentary ,rock; /.one B a 
sc.es o( ralges and valleys trending toward the northeast- 
and /.one C. niel;unorphic and igneous rocks, forming the 

/Teat Smoky Mountams. Farther to the east, the Piedmont 
anu coastal plams afe encountered. 



Figure 2-14 




4 

Buffald, N.Y. 



Cumberland, Md. 



Harrlsburg, Pa. 




let's focus on zone B,. the ridges aad valleys of the Ap- 
palachians. If you were a^eologist tiding to judge how ridges 
and valleys were formed, you would have to travel over a 
wide area.- Figure 2-16 has been drawn to save you time 
This diagram shcyws some of the rid^s and Valleys, as well 
as- the rocks,' in cross section. / 



Figure 2-15 
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□2-18. lixplain and describe a process that will account for 
the series of ridges and valleys shown in iMgure 2-16. 



SEARCHING FOR 
A MODEL 



Stii.:. 
iri v.r-. 

Via 
uplift 
tht)Si: 



. h l.if.j. 
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In Chapter l^you studied several nifcls that dealt with 
uplift of the earth's surface. In this chapter, you studied 
several types of mountains. 1'able 2-3 sunimari/cs for you 
information about each mountain that you investigated. 



Table 2-3 





Types of 
Rocks 


Origin of 
Rocks 


^ 

Shape of 
Mountains 


BIock-Fauli 
(Death Valley) 


sedimcniary 
and 

melamorphic 


marine • 
depositj^ 


linear; 

wedge-shaped 


Mono craters 


igneous 


cooling of 
molten 
material at 
the surface 
of crust 


round 


Stone 
Mountain 

#' 


igneous 


cooling of 
molten 
material 
beneath the 
crust 


round 


Valley and 
Ridge of 
Appalachians ^ 


sedimentary 

b 


marine 
deposits 


linear; 
folds 
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□ 2-19. Do any of the models you have studied help you 
explain how any one or several of the .mountains listed in 
Table 2-3 might have been formed? 



n 



Removing the mountains 

: Mountains don't UiM forever' Up to (Ins ponit. you luvc- 
hccn conccntratnig on lunv the land is upl.ttcd' to Term 
'"ountanis. |..t\s make a slight- departure and see how thev 
aie cut doNvn and sculptured. Much of the var iety (hat causes 
'Hounta.n. to he so awe-inspirnig was cau.sed by ihe sculptin- 
mii ot alreadv uphCted materials. One way that mountains 
are .sculptured is by glacial action. Take a KH>k at l iguic 2-17 



•I. 

I III 




Notice how many sharp rid^-s are in this portion ol" the 
C anadian Rocky Mountains. Notice also the U-shaped val- 
leys, the many bowl-shaped basins, and the almost complete 
•aKsence of llal. surfaces. ThiS kind ofland.scape is fairly 
typical oT areas that -have been carved by glaciers- mov- 
ing rivers of ice. hi fact, the remains of what was probably 
once a much larger glacier are shown in the center of the 
pht>tograph. 



Figure 2-17 



□ 2-20. How does a glacier sculpture mountains? To help 
solve this problem, you might use Cluster D and consider 
Ine tolhnvmg questions. 

□2-21. How are glaciers made, and" how do they move? 
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□2-22. How arc glacial features, such as U-shaped vtlleyi» 
bowl-shaped basins, glacial lakes, and hanging valleys, 
created? 



SUMMARY Well, if youVc done good work, you've learned a great deal 
about the way mountains took on their characteristics. 

^ YouVe also had a chance to tKihk about forces that are acting 

upon mountains today. 



cirque* 



Yojing • 
mountains 




shaped 
y Hanging 



i 



"Bratdei 



Figure 2-18 
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To find out how well you've done your work, look over 
Figure 2-18. You will recognize this drawing as part of the 
overview, sketch you saw before in Figure 1-4. On the draw- 
ing, you will find examples of ji^st about all the kmds of 
situations youVe looked at in this chapter. If you've worked 
well, you should be able to give reasonable descriptions of 
the way each type of mountain in the picture was formed. 
You should also be able to identify the forces acting upon 
each kin,d of mountain and to predict what changes these 
. will produce in the future. 

Before going on, do Self-Evaluation 2 in your Record Book. 
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Distinguishing Amdng 
Igneous, Sedimentary, 
and Metamorphic Rocks 



CLUSTER A 

(Resources 5-12) 

r'.U.V 'QO'JT 
SOML-THlNr- Oti 



^ itu 111.*- . H »MM (•?. * Ihl.uni*^ • •* 
•♦a »Mt».-.! .'.i;t» i:ir Klr'nlili. ili.nj i»t r^j 
f'.S t M ^. .nul !ht» f.-.t; . !»y 
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of Ir . lor ti" I K i I.l Mfii .i*it»M 
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The properties that a rock has are a result, of how the roek 
was termed* Thus, in this resource you will make careful 
observations of rocks in order to determine how they were 
formed. In doing this» you will then be able to tell if a given 
rock is sedimentary^ igneous^ or metamorphic. 

Go to the supply area and pick up a kit of mixed rocks» 
a hand lens, I bottle of HC1» and a steel nail. Before working 
through the activities that follow, predict which rocks you 
believe were (1) once molten and then hardened, as they 
cooled, or (2) once sediment but then cemented together. , 
Make separate lists, losing the number on the rocks, ^nd then 
at the end of the resource you can check to see how good 
your predictions were* 

Listj?d below are a few simple tC5>ts that will help you sort 
the^cks. Read the tests first so that you understand them. 
Then sort theVocks into three groups according to these test^ 
and the sequence of numbered questions that follow. 




Mi, 




1 Mor.k*: n..;v :i 
. biMil I. •( k 

MuM. 



• A\ f(.t 



Rock Tests 

Texture (esc Determine whether the specimen (1) has visible 
components (minerals) that are held together in an interlock- 
ing fashion, (2) has visible components (minerals) 'that. are 
held together by a cement (noninterlocking), (3) looks glassy 
and is very smooth, (4) lodks frothy and has lots of holes 
in it, or (5) has a very fine-grained appearance and seems 
to lack minerals. 
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Note the reference to fU*si>cifce 1 1 \t\ this 
same cluster, titled "kloniifying Rock-fonning 
Minerals " This resourco uses the kit contain- 
ing 12 minerals, and nthtT equipment Cau- 
tion students about ijettuig the rocks and 
minerals correctly separated after they are 
* through using them, and In yettmg the other 
materials back to supply, before going on. 



You shoutd cautton students fbout usmg rea- 
sonable care In handling the add. Although' 
dilute. It Is corrosive and con damage clothing 
and other materials Rocks (and hands) 
should be washed upot> completion of the 
test Note that If bubbling occurs, the rock 
cannot be igneous. 



Comiu>siinm test: I.ot)k at ihc luiucials m {he specimen aiul 
* try tiH identity us many lunierals as you can. The most com- 
mon minerals you will probably see are quart/, feldspar, 
mica, calcite, and hornblende. If you can not iUenlit'y these, 
do Resource II. / 

Fos}iil tesi: Look tor fossils in the rock. They may be in the 
form of small shells or imprints of leaves. 

Chemical test: Put a couple of drops of HCl on the specimen 
and look tor bubbling. Be sure to wasJi the specimen wfth 
water when you are done. 

Pick up a specimen and write down its number. Ask your- 
self the following questions and write down the answers as 
you go. If your rock fits the description of any of the items 
that arc preceded by asterisks, then you can nmke a decision 
on the specimen at tTiat point. You won*t need to go any 
turther in checking that specinien. When that happens, pick 
up another specimen and start with question 1 again. • 
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1. Is the rock made up of visible minerals that are inter- 
locking? If the answer is Yes, it cannot be sedimentary —go 
on to item 2 in this list. If the an.swer is No, go to item 7. 

2. Are the minerals of the same kind (same color, about 
the same shape, same hardness)? If the answer is Yes, it 
cannot be igneous—go to 3. If the answer is No, go to 4. 

*3. A rock with crystals of all the same kind is probably 
metamorphic. 

4. Are the minerals of the different typos distributed in 
a uniformly mixed pattern like the one shown in the sketch 
(each number represents a different kind of mineral)? 
If the answer is Yes,' go to 5. If the answer is No, go to 6. 

*5. A rock with different types of minerals in a uniformly 
mixed pattern is an igneous rock. 

*6. A rock with difVerent types of minerals arranged in 
stripes or bands is metamorphic rock. 



7,. Is the rock rrothy (full of small holes)? If tU, ,„,,vcr 
^cs. go to 8. If No, go to y. ' 

•t'has t^!:;- '' -'''^'^ i<H>ks as though 

I- 1' ''''^ g^^^-^y ('ike a piece of colored broken .lass)-> 
li the answer is Yes. go to 10. If No. go to 1 1 ^ 

what nr,o«.,^r Mudent has fomu. Pn" t IT 



* 12. A rock that sphts easily into thin. Hat sheets is oroh . 
bly metaniorphic The snlifffno f,.. u '"^^^-^ '^M^roba- 
siin» If M . 4 u ^Pfiting has been caused %\ nres- 
J»urc. It used to be sedim<'nfj»rv u r i ^ ' 

arc probably ^luasI^Tn'S." ^""^ "■^'^ 
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Table 1 



' r^--'>'fSedimentaiy^J^ 



Igneous ■ 

Interlocking; random 
distribution; $ize of ' 
minerals ranges from 
X-^^ tp lai^c.grains,^V* 



Metamorphic 



Interlocking; random 
and oriented distribution 
in bands or flakes; size 
ranges from invisible 
grains to very large grains. 



Minerals may be quartz, 
feldspar, mica;* some 
contain garnet or calcite 
1 



If fossils are present, they 
are usually squashed or 
twisted/ V; 



*14. A rock made of sW saiul. or pebbles ccinoiilcd U>- 
gcthci i.s .scdiincntar). It nia\ have lossilv ^ou ean proba- 
bly see the layering in good speeimeas, 

15. If you have come this far, you have a specimen that 
is dittieult to identify. It is not igneous. It may be sedimen- 
tary or metumorphic. An expert is needed lo sort this one 
out 

Check your answers against lable L 



EQUIPMENI Lisr 

List of itotns ifj tcKt, piu$ thu fgilviw'nu. 

Paper towuls 

Burner fuel ^ 

Rock Kit (16 samples) 

Note that if test tube racks are not availiihU;. 
they may be coristructed from a quart milk 
carton, or another baby-tood jur may be usoU 
to set the test tubes in. 



PURPC] 
the mti 



KiSr 



To M-nulate the outpouring and 
sron of ^Molten rock in nature. 



MAJOR POINTS 

1. The rate of Ci'Oimg of rnolten nutorial has 
an eff«ct on tho texture of the soUd that is 
formed. 

2. When rnolton rock forces its way into 
cracks Orop m tho oa^th. it is called an intru- 
sion. 

3. When sorfie substances are cooled very 
rapidly, crystals do not have time to torm, and 
a glasslike rextui/j results. 

If a cork boror is available, a quick, neat job 
can be done Bore a hole all the way through 
the cork Then cut a plug about }" thick from 
the core that w.is removed, and use thi>^ to 
insert into the t^ottom of the "hole. A snuill 
piece ot tape across the end will seal it fur- 
ther. 
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6 How Igneous Rocks 
Are Formed 



Igneous rock is rock that was once molten and that crystal- 
lized as it (fooled. Some igneous rocks arc madc of very small 
crystals, arid others are made of large crystals, but most.are 
made of crystals of different sizes,' colors, and compositions. 
To be able to understand how igneous rock forms from 
molten rock, you can simulate (imitate) the process on a 
small scale. You will need the following items: ^ 



1 test-tube rack 
3 test tubes 
1 alcohol burner 
1 test-tube holder 

large corks 
1 il^ metal or glass surface 

unum foil, window glass) 



1 baby-food jar 
1 knife, cork borer, 

or scissors 
Naphthalene flakes 
Sodium thiosulfate 
Sulfur 



ACTIVITY 1. Usin^ knife, cork borer, or scissors, carefully 
dig out the middle of a cork to make a well, as shown (n the 
diagragi. Prepare three corks like this and label them A, B, 
and C. 



About 2 cm 



About 4 cm 




' About 2,5 cm 
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ACTfVITY 2. Get 3 test tube, and label them A B and C 
Put about 5 cm Of naphthalene flakes into teTuub!'/ 




fh?^'^.7y ^' "'"^ (5 cm), of sodium 

thlosulfate Into tube B and of sulfur Into tube c! 




^^^^rtl to mtit Tl" naphthalene 

Heat a little more and then shake again. Keep doing this unUI 
all the naphthalene has melted. 




> A...... ..H...M....:.n., .„„ .„ „,.' sul, 

" s<>.l,u.». lli,.>MM(.,t...- .i.M •dTsuKur •• mm 
(.a,.; s!>,.i>l<J IH, t.,K,..„ u, .,v..-U mix.ny. 



pOKit 80 C. b. .Ip: ,1, po„ ,. I 0 C) YolJ shOult 
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6 cm ot tho powder eu chenMCal may not be 
enough to f.ll the well when it is ineltHd More 
can be add«d* after further multiny without 
doing any rmrm. 



ACTIVITY 5. Pour part of the melte^ naphthalene quickly into 
the well in the cork labeled A, Just fillinc^e well. Put the 
cork aside in a safe place where it won't get knocked over. 
Look at the top of the liquid every few minutes or so, but don*t 
move the cork. 





ACTIVITY 6. Support the piece of glass or aluminum foil on 
a paper towel. Now pour the rest of the naphthalene down 
the gently sloping glass or foil. 



One of the difficulties with these activities is 
an adequate cleanup of the equipment and 
the area. When pouring Into the cork, it would 
probably be wise to have paper under it to 
catch spills. Because both naphthalene *and 
sulfur are insoluble in water, cleaning the test 
tubes may be troublesome, A little burner 
alcohol in the tube will help loosen these two 
materials. 



Repeat Activities 4, 5 and 6, using the sodium thiosulfate 
and then the sulfur. Try not to use all the sulfur from tube 
C. Set tube C aside after these activities. Meanwhile, keep 
checking on the melted materials you poured into the wells 
in the corks. 

Now carefully compare the structure of the materials you 
poured onto the flat surfaces with the materials in the corks. 




50 RESOURCE 6 



ACTIVITY 7. Wh6n the substance in each cork is completely 
solid, cut the coric in Half with a sharp knife. 



VVhat d.llercnccs do you observe between the substaiues' 
ooled bv p.unn^ down the ^lass and th. substances c ^ 
h Pounug them into a well in^a eork-> 
Jou have just carried out u .snnulat,on.expe-,*nent. I>ouf- 

Nurracc. Laxa. liowevcr, contains several diJlerent chenuc il 
-bs ances, and ..s ten.peratyre about 900- x ' c d" V 
iSendnig on ti,e mineral eompo.s.tion ' ' 

Ihe hquid in t^c cork simulate; molten fock that his 
orced ^ way uuo?racks deep .n U.c crust. The surrll nd : 
ock a ts as an m.ulatorjust as -the cork tloes and nreyentt 

wa} IN called an intrusion. 

.Sometimes ihc lava in c-on.act wiih iho cold rock u the 
n.ar,,n of an ,„tr„s,„,. i. ch,„cd ,uicUy that' t t 

U^Zlu ,"lr' in ^■ork'i' you have cut (I'iPurc 

1). What dillercnccs can you sec i„ 'the structure of the 
■uatenal next to the cork ,at A, a,d tn the ."wdle (It 

ACTIVITY 8. Now get Ie8t lube C with the leNovW sulfur In 
K. ,ou uMd all the eulfur, add about hall an Inch tnore ) 
He., .e^ aentiy as you did before to produce a pale goZ 



'''«l'-'.t:.M,n„M :,..c. tf..,t »,„ i.yMaR. that 

; '« "'.'Ch s,n.lUu' then those that to.med Z 
Mvie tho coik Witt) slowei cooling 




Heat gently 




'S^f: '\ Water 



Pick the lumps of solid sulfur out of the water and loot 
a. them closely. Compare the structure with the sulfuff^m 
the .mtruston" and from, the "flow." These differenceste 



Figure 1 




Sulfur melts at a tompeiature of 1 M 5- c 
forming a pale-yellow. free-flowing liquid If 
heating is continued, u becomes thicker and 

with difficulty It changes color to reddish- 
b-own and then almost to black tempera- 
ture increases An entirely different structure 
will result if the darker-colored sulfur is sud! 
denly cooled. 



RESOURCE 6 51 



8.0 



very similar to what happens to lava. If lava pours out uiuicr 
the sea. it rolls into lumps with a glassy-looking surface. If . 
it pours out onto the land in thin tlows that cool very rapidly, 
inmay form a glassy substance. 

^Ifur docs not really form a glass, but the very rapid 
cooling does not allow crystals to form jj^operly. When this^ 
sort of thing happens to the silicate minerals in lava, crystals 
cannot Yorm; therefore, a gkiss is formed .instead. 

Gel the rock kit and select the igneous rocks from it. (You 
should already have done the resource oh distinguishing rock 
types. If you have not, stop here and do the previous re- 
source.) Compare the different types of igneous rock. What 
differences can you sec in the colors, shapes, and sizes of 
crystals? Can you predict whether each rock is from an intru- 
sion or from a flow? 

A simulation experiment is often a useful device for help- 
ing to develop models of processes -that are diflicult to ob- 
serve. Geologists in the field can add other evidence to that 
from simulation experiments because there are active vol- 
canoes in existence. Freshly cooled lava flows from a new 
eruption can be examined and compared with much older 
rocks. 



ftlAJOR POINTS 



1. The settling of dtfferont kinds of particles 
at different times could form layered sedi- 
ments. 

2- Chemicals can* react to form a layer that 
behaves liK© limestono 
3. Particles of different sizes settle at different 
speeds. ^ 



7 The Formation of 
Layered Sediments 



ARE MY 

DEP031TS 
GUARANTEp:0? 



PURPOtit: to ox^iniino some ways th:tt lay- 
tMOd iiodinients c<%.jld form. 




Whether you are at the Seashore, in the inoumains; Sf^ on 
the plams. you are likely to find rocK <}dtcrops like lho.se 
shown in Figure i. The outcrops aU have one striking feature 
m common. Take a careful look at Fi.«re.s"2 and 3, too.' and 



see if you can identify the feature that all three phcUogrVphs j 
on. It IS a feature that probably came about 



have in common 

in roughly the same way each time 



! tcausii of Uui rommonimss of thrs typo of 
» K. yoii rfMv w.inf to .^.^.01.1.1.' :,tudt.r»tb to 
'M.) in '..If),.,].... t<, • |(u uWt» • tri.t u,„t 



isp. sand 
(bp liilt 




Figure 2 
Flgure.3 



1 lr.p sand-sill'nuxturo 
* 1 plar.Uc lo.ispoon , 
\ tSi; Ciilcmm chloride 

t^.p. sodfuni carbonale 
2Mjf uppers 
1 drop HCI (0 5M) 
1 piece of <]lass 
1 t»itor -paper disk* 
Rock kft (16 samples) 
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Tha"whitt5^ and 'colored crasf>ed x^mlk. the 
^ \^ sand/tho silt, apd the sand-silt inl>Jrirre could 
*^ X^be'put (#n th*3 supply t.ible m 5^dbu:ud*broy- 
food lar^ Stua«rni^ coul^ then tako the re- 
quired arnuunts (k tuiispoon *| teispoon) Jo f 
\ their t^bies'en %v^a\\ pieces or PV^» \ wQuld 
help to h:ivo a di^eient spoon each sub- 
• stance If thm ia not pds^lb|e, the s^poon 



shQuld be cleane^.^ 




Students may find it easiet to creafie a $mall 
piece of paper and use it to dir^l the sub- 
stances inta the test tubes'. Jt-pould s^ve spill* 
age and^the resulting mese. 



Tap- 

gentlyt 

here 




lu uv'ti) ^cl some clues about ihc k)imatH>n ol ihis lea- 
uuc, vou can do^'SiHuc simple cxpciinicnis. Vou and yi>ur 
partner will need tlic following niatui'ials. ^ 



4 icsl lubes, with 

stoppers 
2 baby-ibod jai> 



50 nil .Water 

, k l:>p crushed 

cludk (white) 
^ crushed 

• rhalk (tolored) 
K tjip sand 

. • ^^tsp silt 

^ 1 sand-silt u;)ixturc 



1 plastic tcaspiion 

1 bottle of calcium 
chloride powder" 

1 bottle sodium carbonate 

powder 

2 droppers 

Dropping bottle of HCl 

1 watch glass -or other 
piece of glass 

1 Ifltcr-paiper disk 




ACTIVITY 1. Fill 9 tesi tube about half full of water and 
about J teaspoon cafclum chloride. Cap the te6t tube and 
shake U to dissolve tl^ calcium chlorldei 



Vr, 



ACTIVITY 2. Stand the test tube In a baby-food jar on the 
table. Remove the stopper and let the- water settle. Now lake 
^'teaspoon sand, hold It overnhe bottle, and tap gently so 
ihat the sand grains lall slowly Into th6 water In th^ test tube.> 
Keep tapping until all ihe sand has gone. • 
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Iho test .ube „h,,e you are 1 "I ,! 

minutes a(ten»ard. * ' " »'«"<' a lew 

i" .he wav Now loo - ''/'''f ""^ -"^^^ "'<•■ 

« "n.l. e-CCZr rtaCpT ■ 'TT' ^'^^^ 
per. Sto«,y add ,he solution a coun^ ! " °" ' """^ 
the lest lul» to which ,rLdr7 ! """"^ " »'"•«• 
serve what I, happenl whf T"' * Ob- 

carbonate solution TeSsur T'l "'^ '"^ ^<«"""' 
I test tube stand (or several ininutes. 





1 inch water 
and sodium 
carbonate 




.need aboui the rocics in hf u would you 

•process causcd^het; '« 'hatfhis ' . 
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Sodium 
carbonate ^/ 



^ Calcium 
Chloride 



ACTIVITY 5. Put about an Inch of water Into a third clean test 
tube. Add about a ^ teaspodn calcium chloride. Stopper the 
tube and shake It until everything dissolves. Make up a solu- 
tion of sodium carbonate as you did for Activity 4. Add this 
solution to the calcium chloride solution. 

ACTIVITY 6. Now filter the mixture you have made Into a 
baby-food jar. 




If filter paper is available, fine. But a paper 
towQi. cut in a 5" circle and folded so that It 
forms a yone. will work satisfactorily. 




The residuo, for your information. Is the prod- 
uct of the chemical reaction. between calcium 
Chloride and sodium carbonate: 

CaCI^ + Na.,C03 - CaCO.,J + 2NaCI 

As you can see. the liquid that passed through 
the paper contained salt. 



ACTIVITY 7. Scrape the 'particles off the filter paper onto a 
small watch glass or other piece of glass. That which remains 
on t|ie glass is the residue. 
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happening. * Carefully observe what is 



These simple experimems.and ifie evidence in tlic ro.l< 

changed into rock? \, . '^^^^'^^ 

solce "HnS^T' '-■'"''^ "y 4oing ,he following re- 
source. How Scdimems Harden into Rock." '. ■ . 



The students are told to get the rock kit and 
ind out Which specimens react w.th HCI S 
they have done Resource 5 (which thev 
Should have), they have already rnadT^The tesr 
and can just refer to the re.Jl.s .0 that re 
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ar!)ll)U p- 



effect on layem of i^ttJHi.i-. 

can canso seUim«;t 
varyirv) amounts 



'I his i^f • il. 



Any flat ilisfi (M I ho nstsl . j is it ilix -i I 
hnve n tip or ri tqp!? to prr- rrr r^o harctrnoct 
l.^yt!r (foin bo (OitK)vi'. I f :nsl»uu:r a 
pUiHtiC poffi M vvorKt; v\. i. l -r tnu aus-' it*i 
d«nfii« t*H IS ahrul twico t^^ ". o* s»*».fMpiM i up. 
it Will loqiJiN* .Dout 4 l.rii.' .1 . ::uK:h nuili 
(2 full leaspo».;ns of CUn AW' nioie S.lnci) 




J 
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8 How Sediments 
IHarden into Rock 



Scdnncnis »uo dopoMlod in Ihc t'onii oi \a\^.'is (\i |\iiiuU's. 
1 he parliclcs in most layered rock have properties thai show 
ihey were onee sedinienls deposited ni water. Bui how do 
sueh sediments l>eeoine har<.ieiK\l into roek? 

Sinee the walei in rivers and in the ^)eeans eonlauis nianv 
dissolved iiuuerab. perhapi> these niinerals have an elVect on 
deposited sedinienls. lo study how dissolved nnnerals ean 
atl'eei sedinienls, you ean trv the loUowinii experiment, (io 
lo the supply area and get the loUowm*; items: 

3 paper eiips 

1 teaspoon * ^ 

l''me sand 

I'errous suHate (a si)luhle eonipoun^l o\' won) 
I'errous amnu)niuin ;>uU'ate (a soluble eonij>oun<.l o\' iron) 
•Seissors 



ACTIVITY 1. Get a paper cup and cut It off to make a small 
fiat .dish about half an inch deep. Fill it about halfway with 
water and add about I teaspoon ferrous sulfate. Shake the 
dish until th& FeSO ^ dissolves completely. 




ACTIVITY 2. Now sprinkle fine sand into the water. Keep 
adding until wet sand almost fills the dish. Shake the dish 
to level the sediment and then set it asi^e In a warm safe 
place until your next clasfs. ^ 
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Repeat ,lK- cxpcMuncnt. but this tunc t.so famu. am- 
. 'Uonunu sulMto as the substance to bo d.ssolvnL 

wU n;t"!n''V; r-^f^^-'"^^-^^- --^^ --ly wate.- and sand. 
v\iuu)ut an\ dissolved nuncral. 

; 11^ What IS the purpose of this thud experiment? • 

•u nuoh ,A> on to the nuxt resouree.. -.Sedunentai v Roe*. ' 
.;;>;• » have dass nme left. When the sand has eoinpl dv 

. '^'-^"'l-V-'' t^i^' tliiee experiments. 
L '2. What do you notice? 

"P'-''"'<--n^lhc presence „r a <l,ss„Kcd iron co^^^ 
u d „, waler eau.se,s a ee„,en.,ng and hardcninu ae . , 

lu e U,und ,l,a, your <lep«si, ehanged u, a vellowisl,^!- ,1. 

y M m n,.rnv sed.nienlary rocks, and Ihe vellowish or red 

* d,sl, eolor,„.„,a„ sands.pnes is dr.elo >l,e'prc.se„ee' , s a„ 
• compounds ,n, ,l,e ee.neqiing inaler.al 

expernneni suggest* ar least one way lhal denosi.e.l 
pa,.,e es. n„glu harden. Natural waters eot^tain t^^^^ j ' ' 

■ nater,'^"' T"'" ^' "^'^ ' 

9 Sedimentary Rocks 

■ . roek sample kti.and p,ci^ out the .;;ilimcnta.y roeks 

(U ^'ou have trouble doing this, see Resource 5 ) Your t »sk 

- as sandslont, shale, or iimestone . J' ".'-i^ 

• ■■'^ name impfe; is«.„,pased of sand grains' 

•'. " '■ ■ ■■ '88. .. 



;.V,;" — „ -.h....... 0.0,, o... 



> l'>i WiK) II 



<> tij< 



-.1.. „-.f 



<.ll<Ml,.,;,,J;, 



0^. 



!l irul l-n . 



.'•"I ii..i'-t:. VKKiroir.ily with i-lCl Jl^ 0 
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] tif til . 

sluuiiil '.huu :.i I ,i..t; 

I mu»*,t»>" n; • !h -I .' ■ • .. 

white ( lU tu:i) » t! t • li.i!!* 



J i\ !..in.I !. 

* . »!'. o! • ,. .1 

]• f iii.iiiitMt t: }ii 



StttUil ot diiiiuj t .i>|.iti> 



CQUir.MLNl ! 
See- h' t 

PUfU\) .:- I*, 
-mij MT S'» tin.: 
nuMaiM.>rphi;.ti 



Here aio some tests that you iiitiv liiul helplul in classUyni}!; 
the rocks. 



1. 



l.OiA closely at each ri^k with a haiul lens. 

a. Wlial IS the avcra*;e si/c oi ilie grains? 

b. Wliat is the shape ot the j^rains rounded^ angular, 
or eKyi*iated?. 

c. What is the cohu ol the jMains? 

Study# the nialerial that holds the uianis together. . 

a. Is. i^ line-drained or crystalline? 

b. If it ib cry<;talline. what is the si/c ol the iiuiiyidual 



crystals? 



•Id ;f lot 



3. What happens when yi)u put a drop of dilute HCl 
(hydrochloric acid) on each ii>ck? 

4. lireathe on each rock. Try to identity any odors ihat 
result. 

The results of the above IcAts sliould give you enough 
information to identify the ^ock.s. 

After cUreful though t,and experimentation, geologists- have 
'concMuded that rocks Iike\sandsti>ne, shale, and limestone 
were formed iii lakes and seas.. Xhe theory is that the sand 
and oU^y that were deposited in ^eas and lakes became ce- 
mented into s^mdstonc and shale. Limestone is thought to 
be fused calcium carbonate that was once dissolved in sea- 
'wal6r (calcium carhoiwie is part of tlie **salt" ol* the seas). 

SedwcMitary roeks are generally found in layers. If you 
would like to know why, sec. Resource 7, iii this cluster. 



Metamorphic Rocks— 



1 Ar>v fi^CK ^r.t) t)i? '.'•.! (I If 

2. Ih ' h'\\i.ti .1 a i' 'c\ f.i.'v -a.itl:- 
makin«i till at. f pt»oi it 
3 Ar.:i.; v)f t*. ja-uU ku*! i^i [ 'hisi'n ru.i\ »»o 
idontitiocl by ru* chnrnj. ; n,.ti tiavo I. .Ken 
place I 111 ho i» •:ks troni.i^j? 
4. fUvTional ti I'l^mioi'pfii'.iii i 'n-.tj {anw u '.t^d 
when larqo a tms of Ihf t- niii r. 'crusl tuo 
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Trip in 
jhie Classroom 



Metamorphic rocks arc rocks that havcJ^een^hahged in form . 
because of increases in temperature and pressure. Any rock 
may be subjected to melaniorphisni. In this resource you arc 
going to imagine tha.t yoE are goifig on a field trip in an 
area where metamorphic rocks ate found. After colle<;|ing 



8.9 



p .o study ana cxannno the rocks vot. collected. To l 
thi.s .csource, you w,ll need the Ibllowmg- 



I ilO(>iogic map of a 

nietainorphic area 
1 piece of ccllulusc 
■V acetate film ^ 
1 bottle ol" acetone or 
tiail polj.sh remover 



1 hand lens 
1 metal tile 
1 rock kit containing 

•samples OS, 16. IX. 20 
f'iecc ol' line sandpaper 
I*an of clean sand ¥ 
\ 



^mllinll ' '^T ^''"^ ''^ted below 

reTec lorV" 4'''- Using 

the directions at each stop, locate that ipot on the man ^nH 

pie. Use the map In your Record Book, i 



Slop . ^ I A. ,he north end of unimproved d,r, a„Kl-ab.«, 

iragment 16 collected here \ 
i^top ^2 Intersection of Iggy and ists Mighway 21 

Sample 18 collected here \ ^ ^ 

Stop ^3 J^tersection of ISC^S Highway 21 ahd Hast Street 

Smn ^.1 T'"'' ' '"''■^ <^oU.^:tc}l here. 

Stop ^4 fntersecfon of East Street and unimproved 

StOD In n ' ^"'H'cted here. 

^ ^^^^2otsrhc^^^^^^ 

Stop ^6^ Edjeol-map and East Street. Sample b5 collected . 

•Stop 7 Ititersection of Lake Street and Lake Creek. Sam- 

^ pie smiiUiifio 20 found here 

Ititersection of Lake Street'and the light-duty 
road. Sample similar to specimen 05 collected 

•record nrh" '^^^^^^"'^hed the field>p/make sure you have " 

^u^roc airier" ''""''^ ^^'^^"'^ ^aVe ^ 

TZ. ' collected a similar rock for each 

of these four at another station * f'*^" • 




ci„M,.0) llvv,M..|,„,. 

' " i'.-.iMu,.,M,K,M „ ., 

• "••"■">• . -cK in„M,<;n s.,.-,... , 

'V^-.-- nt ,,.„.,;.. ..,.,v nop.-cvuuvt ... 

-noiKl ,,..,v.. So.vv .J...,:,.,.,,., 
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Figure 1 



ACTIVITY 2. Draw a line from the upper left corner of the map 
to the lower right corner of the map and then place each rock 
sample at ar^one of the stations from which it was collected. 

i 111 If you siari IVoiu ihc \ippcr IclMiaiul corner and move 
aloni» the line to the lower ri^hl, what major dillerenees 
among the ri)cks do you note? 

11' you examine the rocks in (he upper lel't part of the map 
you will note that they are .sedimentary, and as you move 
toward the U>wer right they grade into metamorphic. rocks. 
You should have noted that as you move toward the lower 
right the rt>cks become more layered or banded, and tlie 
minerals in the rocks become lurger. 
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I CI scxa.nuK- c.uli of these rocks more cilosclv. (Jcolouisis 
Munciuncs study roeks hy iUiikm^ an acetate peel of the rock 
I K-k up rock ()> aiKl cxaimuc it carcfullv, lookiiio for a Hat 
pohshcd surlacc If your rock docs not have a polished sur- 
lace. (hen vou will have to polish it by foliowin<. the uistruc- 
turns ui Actu.tv .V If it IS polished, start with Activity 4. 

ACTIVITY 3. Hold the rock In your hand so that the surface 
to be polished faces outward. Lay a st^el file flat on the desk 
and grind the surface of the rock on the file for a few minutes 
The area you grind should be at least 1.5 cm square. Use 
fine sandpaper when you think the surface is smooth. Wash 
the rock In water and let it dry. 



'I". J-. I,. I,. . ,j,.|„ 

■••I'l'l'l'- • >l : irli 

I ii'.i i; ! . : , . 



ACTIVITY 4. Support Jhe rock sample by gently pushing 
downward and slightly rotating the rock Into a pan containing 
clean sand. The polished surface should be face-up and 
horizontal. * * - . 



Hut arotnti^ film shni^ui \.o cut or'^iy •>lKjhtly 
Ia\j<»r than t'u) pv)ii-,/.,'ij s uta^ o of t? <♦ tocK 
ThXir IS ^vff'ciOfU itv (!t.iU' tu *^upplv all the 
i»tuvlvinti> m % ,'vui arcUthM;.> it ca?t> t.iKen tu 
contiOfve tTuit«fials 



ACTIVITY 5. Carefully wet the polished surface with a few 
drops of acetone or nail polish remover. Hold the acetate 
film between thumb and forefinger of each hand and bend 
downward Into a U shape. Apply to th^'rock so \hat the base 
of the U Is first to touch the wet surface. Progressively roll 
the film out so that It Is flat on the rock. Do not press with 
your fingers. Let this dry for about 15 minutes. 






2 and 3 "I he grains should get largt'n aa^ifie 
Sinnplos (,o from sh.ile to gneiss /yq(u the 
arrarujoin«:nt of minerals should progress 
from uniform grains in Shale and slate to flaky 
schist and ..then to banded gneiA. 
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While the first rock is drying, repeat Activities 3 through 
5 lor the other roeks. 



ACTIVITY 6. After^ 15 minutes, carefully lift the peel off by 
grasping one corner with your finger and gently lifting. The 
acetate should peel off. 

* , 

When you have made four peels, examine them careJ'ully 
with a hand lens. Using the peels, answer the ^)llowing 
questions. . ^ 

□2. What diflerenees do you note in the size of the. minerals 
in each, rock? ^ ; ' ^ • 

' * t 

□3. What diiVerences do ^ou note in the arrangement of 
the minerals in each rock? - 

^Y6u have already learned that metamorphic rocks origi- 
hate when rocks are changed by conditions of high tempera^ 
lure and pressure. Let's assume that the original rock for the 
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three .uetainorphK- rocks in this activitv was the sednncntarv 
lock you collected ui the upper left regions of the map. This 
rock ..s called shale, which is made of very hnc^articles of 
Slit and clay. >kou should have toted from the pMs that the 
grain si/e ol the minerals of the rock increased as you moved 
toward the southeast regions of yourtnap. Also the appear- 
ance of a layer or bands became more pronounced as you 
moved toward the southea.st. 

I J4. What part of the map do you think was subjected to 
hightffl temperatures and pressures'> 

I 



1 he type of mctamorphism you arc%(idying here is called 
regional mctamorphism. The reason for this is that meta- 
morphic rocks generally occupy large areas on the earth 
I hcse rocks form deep in the crust," and the favt that yau 
collected them on the surface indicates they were uplifted 
and the rocks abiwe them were eroded tiway. It is generally 
-agreed that the rocks with pronounced'layering or banding 
have undergone more change than other rocks. Perhaps the 
higher temperatures and pressures occurred in the southeast 
region of the map. 

As -you will learn later in thi.s ynit, greater ma.s.ses of hot 
rocks buried ^eep in the<:rust, known as igneous intrusions, 
might provide the high temperatures ncR'ssUry to mctam-Jr- 
pnose rocks. • ^ 



11 Iderttifying 
Rqck-forming 
Minerals- 




There are more than .2,000 Jiflcrent minerals on the earth 
yet the ones that are usefJ in the study of rocks can be 
^reduced to about a dozen. .|i this resource you will use a 
'Simplified classification sysleli toij^lp you'identify mineral 
specimens. c - . - 

Obtain from X he supply aref a kit of mincr^s, a glass hlate 
• a knife, and a hand lens. 4 . ° v ^ ' 



^ nOUIPMENT LIST 

Minoral kit (12 s;iinples) 
.Glass piaU; . / 
Knifo • '' _ 

Hand Lens 

* F>URPOSB;To show'a Sjmpij^tod classrfication 
system for^ Identifying minerals. 

MAJOR POINTS 

1 The mort' than 2.000 minerals can b« re- 
duced to at)OiJt 12 important, ortos that are* 
useful in the study of rocks 

2 Cleavage faces will flash when rotated in 
a bright ftyht. . 

3. Mineral hardness can. bA classified ' as 
hardor-or softor than glass 
4 Mifierals am be classified as)iavimj cither 
meia\h^6r nonmotailic luster. / 
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LiHioufacjo stu.U-rtts to work tvujo'tnur a:> Ihey 
p«»oi off d layur of biotilo mica afid. also, to 

ACTIVITY 1. Pick up mineral sample 29 (blotite mica) and 
carefuHy try to peel a layer off the top. Place a knife between 
the layers and lift. This peeling or separation along a smooth 

surface Is called Cleatfa&te*^''^' ""^^ ^ mimmum layer fTle samples can 
^ ^•^"'«»^%^ecome quickly fraymdrj^ed otherwisa. 

ACTIVITY 2. Hold the sample In your hand with the fresh 
surface up at about eye level. Now rotate the sample until ' 
you see a flash of light. Cleavage surfaces will flash in light 
as a mirror will If you hold It at the%rlght angle to the sun. , 



Lift slightly, 
then turn down 

I 




Fresh 
surface 




Figure 1 



Minerals can have several cleavage surfaces'. The niii\eral 
you are now holding has one cleavage surface. 

Examine fhe drawings in Figure 1. Cleavage surfaces are 
shown for samples having one, two, And three directions. 





^ b. Cleavage in two 

directions at right angles 




d. Cleavage in three 
directions at right angles 





a. Cleavage in one di^ction 



c. Cleavage In two directions 
• not at right angles 




e. Cleavage>n three . ' 

directions not. at right angles 




2ncl direction 




isl direction ' ^ 

^ ^^"^^^"'^S also h/lve scmnc 

: ACfVITV 4. Uy «.e p,a.. on ,He ,ab,e. Ho.«„« „,„era, ' J^-" """"" 
«ampte23<,e,dspar)l„,ourhan<e%y,„«:,alc"l?a1^^^^^^ 

main., .o;>k clo»,y « 1, „,,h a hand i^l " * 

_ u.i,n ine glass, then the mineral is softer than glass. 
□ 1. Is the mineral sample aa'harder, or softer, than gtes^ 

■ JZ tt^gla.':" ---' -mple 23 is^' 

its toeV T.T' T"""' ^™ -^"'"'y 4. determine^ 

■Baluster. To dq this, examine Ffgure 2 which .h«„,. , • 

Dhotos of minerajs h^ing either a>etai jttr Z 

^ '^<'°fluster doe.,mi&ral sample 23- have? tf ' . WjOrJe'm • 




Figure 2 



Stiid«nts may be Interested to know that rock 
samples b. ought back from the moon con- 
tamed a number of the minerals listed here. 
For mstan(;e. thd glassy olivine was found in 
much of tf.a .dust and rock. 
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To identify a mineral, you will need to determine its luster 
(metaHic or nonmetallic), its hardness (harder or softer than 
glass), and if it has cleavage surfaces. When you determine 
the^se three properUes, you should then refer to the mineral 
classification chart on this page and the next page 

identify each of the samples in the mineral identification 
Key by following the procedure above. 

V ■' ■ . . 

'Mij^eral Classification Chart ^ \ ■ ••r' 
• Special Properties Name ' 



mm- 




•2 dircciions.of cleavage; pink, 

white: ■■■ ■ 



2 directions of cleavage; white, 
blue-gray, striations (lines) on'' 
some cleavagfc planes 



Red, brown, or; yellow 



Olivine green; commonly in 
small glassy grains 



Transparent, milky-white 



Brown to bldpk; perfect 
cleavagft producing thin elastic 
sheets ■ ' ■ ^ 

■ ' ^ 



•3 cleavage directidns— surfaces 
Jooklike this Z7; colorless, 
'whitc;;'effervesocs in HCl . V 



Perfect cleavage, producing 
thin elastic sheets : ^ 



Dark-green tO; black; 2 cleavage 
adircctions^^^f 
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Microcline 
feldspar ? 



Plagioclasc y 
feldspar, 



Garnet 



Olivine 



Quartz 



Biotite 
miga v 



Cdldte 



Muscovite 
mica 



iiomblendel 
and Ai|gito t 



£.i'.'*V';; 



l"S. 



2 



J 



4> 
> 



^ CO 



n. 



Heavy; silver-gray color; little 
cubes — — ^ — 



Black , ' , ;. ; -M^^ ' i 



Galen4_.. 



,te 




Noto tl.Mru ,s Mi; sample amonq the 12 
,/Mt has a n.etallic luster' uikJ is 
harder than ylass « « 



12 How Rocks Change 
from .One Kind to 




The earth's crust* is in constant change. Whether you examine 
rock m the mountains, the midlands, or the shorelands, you 
see the same cycle of change. Figure 1, on the following 
Fk^'m'? ''""P^'^^^ diagram of the rock cycle. With it, you 

' As a starting point for making predictions from the dia- 
gram, consider th« molten rock coming from a volcano. This 
Zi:'' P"^^^ "P^^^^ -^Posed to weathering. Any 
b^h nT^'^H ^^.^^anging temperature will 

thin K !r ^'"'^ "^^y sediments, which may 

then be depos,te<tm a lower region. Constant wearing away 

m.nr r!!!;'" '^^^'"^'^^ ^"O' the to^s^di- 

ments to aflmve. 

^- In time, the buried sedi/hents become hardened to form 



EQUIPMENT LIST • / 

None / 

PURPOSE: To (jive a hriof/description of the 
changes in a "rock cycle/- « 

MAJOR POINT / 
/ 

Conditions of weathenr\g. heat, or pressure 
can chrngo one typo/of rock into another 
type. • / 

/ 
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faulting, 
volcan- 




cfomos. 
tains. 



CiqIterB Is made up of Resources 13 14 15 

nnl ; ^^^^ ^^"^^"^ ®^ the student 

understand how Igneous rocks are forme/J 

CLUSTERS 

(Resources 13-16] 

MAJOR POINT 

Somrvolcanic eruptions are violent, while in 
otnerl.hot rock poure elowly out of a vent. 
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Figure 1 



sedimentary rok. With added pressure and heat, the sedi- 
^ mentary rock nty change to mttamorphic rock. T^e n fa. 

rnorphic rock ca^ melt and be pushed into or onto overly ng 
^ sediment, asjgneous rqck. This completes the cycle for thi? 

case, smce th,s rock has gone Uirough a whoIe>cle fC 

Igneous rock to igneous rock. ^ 

PURPOSE: To simulate volcanic activity. 

13 Making a Vdicano 

cUtlon Do Z r^sZce^ly after 
See list in pupil's text. obuifning y>^ur teacher's permission t 
, :Durmg ^ volpanic eruption, molten rock and gases come to 
the surface of^^e ,arth. In softie'cases the eruption is very 
violent sending molten rock several hundred feet in?o the 
air, while m other volcanoes hot rock pours slowly out of 
the vent; In this resource we will use a simple model of a 



s 







pi 






h. 


jij 




yj 




si 
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1 copper cone 

1 nijisonitc board. 10" x 10" 

2 strip magneMuin ribbon. 2A" lona 
1 pair tweezers ^ 

3() ;;;;.^>""o.„um U.chromatc. (NH,),Cr,o; 

Wooden matches 
<.iohrom,n„ „, "1 cK Zn .1": ""• 

'>r^ -Sir :,rr.: 



Cone 




^asonite 



Brick 
support - 



V 



be^frteky. The following procedure sXlS 

^^-^iSTiSS;;^^ ribbon ,g„,,„. 



/ 



-Ir "bS t.':f r.rl'' " '< on -e 



Work flne^ ^ ^ ^"^^^^^ ^"^k will 



ribbon 




:.v>'. 



The first trial is Do»! Ui.-^.- .<-. .i dimly la ioom 
The $«cond trial inay i.o dony with noniial 
HOhUng. 



Wiilu)iu disturbing tlic pDwdcr on ihc niasDnite bt)ard. 
refill ihc cone witii am'nionrum dichroniate. and insert a fresii 
piccx* of magnesium ribbon. Repeal Activity 2. 

ACTIVITY 3. At eye level with the masonlte board, sketch a 
diagram in your Record pool(, showing what the voicano 
looks /like from right to left. As an aid, imagine walking from 
points A to B across the .volcano. 

SAffTY. NOTE These activities shogld* bo 
done under close supervision You may want 
to coir ider performi^lg them yourself, with 
SMuUI groups p) stutionts who arrive at this 
point too^ther. In a<kJit*on to the potential 
danger, they are extremely fftossy (see **Prep- 
a^.^l'on of Equipment' in the front of the text). 
" Could you ilse a largo packing box with the 
front 'cut out? ^ 




□ 1. Does your sketch resemble any of the Mono crater§ you 
saw on page 38?- 

□2. How do you believe Mono craters were formed? 




EQUIPMENT LIST 
None • 

PURPOSE: To discuss the tofmation of igne- 
ous rock In cracks beneath the earth s sur- 
tfice. 



V MAJOR POINTS 

. 1 . "A layer of Igneoua rock between two other 

rock layers is called a sill 
• 2. During formation, a sill changes the rocK 
. above and below It by heat 
3.. sua of crystals and .effects on adjacent 
rock 'ahow the difference between a siii and 
the layer formed by outpouring of lava on the 
surfaca of the.eartn. 



1 4 Layered Igneous 
Rock 



When molten rock flo\ys out onto the earth's surface through 
cracks in the earth's crust, it forms a layer of lava that coo/s 
to a fine-grained crystalline rock. What happens' to the 
molten rock trapped in the cracks? 

Look at Figure 1, which" shows a rock outcropping in .a 
cliff in Glacier National Park,- Montana. Notic.e the layers 
in this outcrop, also, seen in many other rock outcrops illus- 
trated in this book. ' V 
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boltom of the layer.' '°P ""e 

cllHf'^L'ru 'iiVr"" ""/"^'fying >he main 

of molteil rock Th„ v ^ «>™ed by the coo ine 

are sed mi^^^ Ca ™f ! "^'o* 'he dark layef 

.he dark So^sf ^ r rr^ft^."^''".''"^ 
rock much^harder than th;r:?thf .'r;„ 

.ote^'^sxr.r^^^^^^^^^^^ 

forced its wav ihfonoh 1 ^'[^/ool'ng of jjjphen rock that 

byryrontol':^^ « "-ided 

'**^•«ow wiU. the .edi^en^ ^ .^^ "^T " 



Figure 1 



Studonts can b.> rofinro.i h w-i, t ^> 

cMtllOf very :M,aii ,.rV. . . * , , ^ ^'^ 
to occur. ^,Td , Of a giasa resulted. 
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When the plugs were poured in Resource 6. 
the cork, bojny an organic substance, was not 
met«uri^ph()st)cj. so the simulation doos not 
■h'»w this oiioct. 



- EQUIPMENT LIST 

\ 

4 strips of modeling ciay.&enT x 6 cm x 1 cm. 

in 2 different colors (2 of each ccrtor) 
Block of modeling clay of thir^ color 
Knife ^ 

PURPOSE To simulate the formation of 
domes. diKos. and sills by molten rock be- 
neath the earth surface. 

MAJOR ^^5lNTS 

\. Mounlnlti'4 of Ignomts rock that havo none 
of thci fttntmon of voli;<inoim luwo l)ofiM Iden- 
tifiod on »)aith ^ 

2 A dome might be formed by n.oiton r^ck 
puRhIng up from bolow thn surface. 

3 A sill might t>e fottnnil t>y molten rocK l»olr)g 
forced hori/cMilally between two other layers 
of existing rock. 

, 4. A dike might be formed by molten rock 
being forc^i into a vertical cfack across sev- 
eral layers of rock. 

5. ^Erosion can remove the overlying layers, 
exposing Uomes, sills; and dikes. 
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whether it is a sill that intruder! between layers of sedfmcnt. 
If you look closely at the top and bottom of the igneous layer, 
however, usually you can decide fairly easily. Can you gyess 
how? Remember that a sill is pushed into rocks and that 
a lava flow is poured out onto the, surface. 

'The answer is fairly simple. A sill, being very hot when 
it was squeezed between layers, would change the rocks both 
above and below it. The heat would change (metamorphose) 
the sedimentary rocks on either side. However, when a lava 
How Um'^s, there is only rock beneath it as it pours out onto 
the surface. I herefore, only the lower boundary of the layer 
will be metamorphosed. By the time a rock layer is deposited 
on top of the igneous layer, it would be cold. 



1 5 Molten Rock 

Beneath the Crusf 

What happens when molten rock cools within ^Ihe earth's 
, crust? That's what you will discover as you do this resource. 
You will make a clay nxodcl to represent several igneous rO^k 
features that form when molten rock cools while sfill within 
the cruvst of the earth. 

Figure 1 shows u slab of igneous rock (a dike) that cuts 
across layers of sedimentary rock. .Which \yas formed first, 
the igneous rock or the sedimentary rock? 

Figure 2 shows Moro Rock, a dome-shaped mound of 
solid granite. You might think this mountain of igneous rock 
was volcanic, but it has none of the features associated with 
volcanoes. The large crystals of which it is made are evideilce 
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PIguro 1 

V 

feat^^es? » ""wmi iiKe this become surface 

und^,»dt:ir;s'rha:h' ^'^^ "^^-p 

explain 

e»ch of a differen, coL "f'^'sy^ 




Figure 2 




eolor. M.k. ,h,„ imo , b,^*^. «" 
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^ Imprest students with the n«cessny of saving 
all the modeimg clay that is cut out. It snould 
. bs carefully separated t»y coiof s. and can then 

, be re-tormed into blocns if this is not done, 
you will rapidly deplete your supply of clay. 



ACTIVITY 2. Scoop out a dome-shaped hole In the bottom 
ol the block to that you remove clay from the bottom two 
layers, but not the top two layers. Imaglpe that the rock has 
melted/ Pack a different-colored clay (to represent molten 
rock) Into the hole. Fill the hole completely- 



BOTTOM VIEW 




AcWiTY 3. Use a kqife to make t)(vo cuts into your block. 
Make one vertical cut across the middle, cutting down only 
as far as the second layer from the bottom. The other cut 
should be a diagonal cut, Intersecting the first one as shown. 




Uplifted 
block 




Vertical 
cut 



Cut stop^at 
top ofjfdonhe 



J 



Clay 
repretenting 
molten \>ck 
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ACTIVITY 4. T«k« som* mor» of th« colbrad clay you uMd 
«oii^pr»««it tho molten rock and flatttn H Into thin ahMlt 
about 2 mm thick. Open up the hvo top cuts you have made 
and push a thih piece into each one. Joining them with the 
dome piece. Separate the second and third layers of the 
block, aiifi slip in a sheet on top'of the second layer. It wUl 
connect wKh both top cuts and the dome. 



y 105. 



• ? 



m 



ACTIVITY 5. Now cut your block In half along the line AB^II 
\the wtfy to the bottom of the bloq|<. 



Cut lin« 




Look closely at the block's mner face. You have a model 
of molten rock intruding as a dome, as a sill (between the 
beds),, and as dikes (across the beds). See Figure 3. Notice 
that intrusion of the siil^has caused uplift. 



Diagonal 
'dike 

Vertical - 
dike » 




Dome of 
molten rock 



m' , Figures 

Now imagme that the molten rock has cooled and that 
steady erosion keeps removing the^sediments, the dikes, and 
the sill. 



Dome 



Bottom 
layer 




.1 

At the conclusfon of the activities, insist on 
an adequate cleanup, with clay separated by 
colors and, If possitile. remade lato blocks. 



ACTIVITY 6. Take one half of the cut block and carefully 
remove all three top layers/the sills, and the dikes until you 
are left with the bottom layer and the dome. . ^ 
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A big mass of molten rock like that in a dome would have 
cooled very slowly. It would have much larger crystals than 
♦ the dikes or sill. Being s'uch a big mass of hard igneous rook, 

it would be rc^^jstant to erosion.* 



EQUIPMENT LIST , ^ ^ 

Non« 

PUf\POSE: To expteln the formation of vol- 
canic cones and favya flows. 

MAJOR POINTS . 

1. Soma con«-shap%d mountains' ^were 
formed by volC|inlc activity and ar^-Hfrnde of 

layers of lava and aa^. 

2. Lava may flow out of fissures, or cracks. 
In the earth's crust and cover large areas on 
the surfac^. 



1 6. Conershaped 
Mountains and 
Lava FloW 



In the western part of the United States, you.can find cone- 
shabed mountains, sorae of them with craters. in the top. The 
cinder cone (Figure I) at Lassen Volcanic National Park, 
California, is typical. The rock in these mountains is igneous,, 
/ meaning that it has cox)led from molten rock, which may 
be alternately layered with ash. 





The shufie and rock type are evidence that these, cone- 
shaped mountains were once volcanoes, but not nil lavti tlows 
form cones. The Columbia plaleau in the northwest United 
States IS covered by layers of igneous rock over an area of 
500,000 square kilonyters, as shown iii Fmure 2. • 





Nevada 



m 

CalJfornJaT 

# 

J Figure 2 

Although^there are several cone-shaped mountains in this 
regipn, the lava coming from«them cpuld .not have covered 
such a vasfarea. Instead, most of the lava is believed to have 
poured ouX of loi^^racks, called yissures, l^ ttie ear^i's crust. 
The cooled \ava thk poured out of these»,fissure volcanoes 
IS a hard, finfc-grained^gijepus rock. It has properties similar 
to those of the volcanic rock ;hat is still being formed by 
th^ Kilauea and Mauna Loa volcanoes in Hawaii. 



1-7 Wedge-shaped 
- Mountains and 
Uplift by Faulting 



V. 



PURPOSE: To mode! faulting of the earth's 
crust and examine possible causes* 

High in the^Rocky Mountains, several' thousand metefs* 
above sea level, are layered sedimentary ro^Jcs- What does ^ 
evidence like this- show? One explanation is that .the'^crust'**^ 



T\\\s tgneous rock, when it is broker) up. by 
weathering, hai; a high nutrient content and 
^ supports many forms of planf life Cpnse- 
quently. much of the Columbia platedu is 
covered wiHi vegetation, and the lava-flow 
nature is not always readily .apparent. 



Cluster C contains Resources 1?. 18. and 19. 
-which -give background on uplifting of moun- 



tains. 



CLUSTER C 

(Resources 17-19) 



■ EQUIPMENT LIST ♦ ^ " 

4 strips of modeling clay. 10 cm x 3 cm^ 
X 1 era; in 2 different colors (2 o? each colorV 
Knife, . . • . / 

2 rulers or thin blocks of wood 
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MAJOR POINIS 

1 Layorod sedimentary nK\k:> au- fouJKl high 
in thtt Rocky MoufitaifiS A p.ir,Ml)lo tjxpKina- 
tion IS that tt^^y' have boen ruishod upAard 
over long penods of tu^'*- 

2 A !in« o! siippa^je Detwi^on iwo sectuwis of 
the garth s cni^\ \3 emitted a ' u.it line 

3 Tno mgd*?! explains faui!'»K| by as'^muMuj 
that (a) there must be a .h»ih; of weaKnt v:i in 
the rocks. iiMd ^b) thert* niu-il be a strong 
downward force iomo disUiiice away to caufeo 
tlie tilling 

4 The great winght of tiediments on tfie 
ocean fiODf t oiiid cau-.-t the faulting in the 



of the earth must have been pushed upward over a vast 
penod ol* geologic tune. 

In this resi)urce, you mil look ai some models ot^how this 
uplift may have come about, (iet two colors of modeling 
clay and a knife. 

ACTIVITY 1. From each colored piece of clay, cut two thin 
strips, each about 10 cm long, 3 cm wide, and 1 cm thick* 




ACTIVITY 2. Let each strip represent a layer of sediment 
deposited in water. Deposit one on top of the other, alter- 
nating the colors, to make a block. 




Large cuts such. as this can be done easier 
with an. old nacKsaw blade. 



ACTIVITY 3. Imagine that these layers represent a region 
where forces on the crust cause a.crack or zone of weakness. 
CMt a sloping crack as shown. * 



80 RESOURCE 17 




f P""**** *wo pieces together again 

to that they just barely hold together. Support the block on 

kT'T' '"^ vibrate 

the block .lightly as you push. ,Gently Vibrate and push until 
the cut surfaces begin to slide apart. 




When Mudfitu finish will) the apf.vity have 
thorn s«par.>l.^ mo day into ]he two colors 
tH.-lore retiiiiiiiif) it. 



Fault 
line 




Ruters 



Figure 1 . ^ 

If you were careful in following directions, your block 
should now look like the sketch in Figure 1. Compare your, 
clay model wufa Figure 2. Can you identify the fault line 
m this picture? 

Two conditions are necessary for this theory to explain 
mountams hke those in Figure 2, There must be a zone of 
weakness m the rocks, and there must be a strong downward 
torce some di^nce away to cause a tilting of the block 
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18 Uplift of Mountains 
Due to Folding 



) 



One theory lo explain how the crust is pushed up io I'orm 
mountains is based on the continental drift model lor the 
earth's crust. According to this model, the collision ot'crustal 
plates caases pressure that results in a folding of the crust. 
To m^ike a model that explains layered and fblded features 
of^^ cru.st, yOu will net;d two colors of modeling clay. 



ACTIVITY 1. Flatten or cut the clay Ink) strips 1 cm by 3 cm 
by 10 cm. Make two strips of eacH color. 




ACTIVITY 2. Stack the strips, alternating the colors. 

ACTIVITY 3. Place the narrow end of the clay block against 
the wall, protecting the wall with a piece of paper. Using a 
block of wood at the opposite elid and. steadying it with one 
hand, push the clay block hard and steadily. 




I vJi»iPMtNI LIS! 

.4 sirifli of nuxJr'hiH) clay 10 Ltu 3 cm 
- 1 cm. in :» (Jillt»i»'nt colOf:: (2 uf each color) 
Shi »'( of piif>ui 
k^ocK of wooci 

PUIU'OSL lo lUAkv .1 niodi-l to bhuvv tolding 
of tho oarth s cnist 

MAJOR POINIS 

1. The contraction thoofy (the' wunltied- 
applo mo(if)l) aoMinit?ii that ttie shrinking of 
tho rarth causes pleasures that result in uplift 
of nu)uf>iain!i 

\n ihe pipte ffJcioiHc th^-ory. folding of 
rockr, is caused in regions wJ>ere plates col- 
Irdo 

3 Erosion may rornovo top layers to reveal 
the folding of tho crust. 

*V Extensive folding occurs in the Appdia- 
v.hian region of the United States. 





Look careCully at the side of the clay block. Thejayers 
represent beds of sediments. The dips represent valleys and 
the humps mountains. 
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^ When you UH)k at the earth, you cannot always sec the 
^ Ibldingihis cfeariy bccausc a sid<rvieu'ls not always exposed; 
But sometimes there is other evidence ol' tbidihg. 

ACTIVITY 4. Slice off the top one fourtjD of your clay block. 
Then IoqK down at the top of It.' 




Figure 2 



This newly revealed surface represents a section of country 
where erosion has removed the top part of* the folding. As 
you can see in Figure 2, removing the top section of the crust 
shows the strips or bands formed by the folded layers. 
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3p view 

You can recognize where bed A on your modeling clay 
block repeats itself on the top easily enough. However, when 
folded rock is exposed in several places miles apart on the 
surface of the earth, the job is noj easy, A geologist has to 
identify the properties of the rocks.- He must look at the wiiy 
they dip into-the earth and see what rocks occur next to one 
another, " 

The Appalachian region of the United States has many 
folds. Figure 3 shows a situation very much like the one that 



11.3. 



6 ^Jt lyuTL 4. I his was followed by cri)sit)n 

TOP VIEW » 




B 



./ Figure 3 



Folded 
rocks 



CROSS SECTION 



Rgure 4 
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The i>hotograph in I 'igyic ."^ sliows actual folds in a railwa\ 
cultinj; al Uakcr.svillc, North (\u'i>hna. I Iicsc U)UIn arc much 
smaller than the C\>vc Mountain Ibldin^. ■ 



Figure 5 ^ ^ 



EQUIPMENT lIsT 

mouiUams bv ttmir nHtpoarancu. ^. 
MAJOR POirUS 



1 Two differ- »nt sets c>f force?;, act on rnoun- 
t<iin$— uplift wearrnq away 

2 If mountai ns are bemg ui»lifil\^faHtri fhan 
they are we»» mg away. VVy have sharp fea- 
.turtis and m.;y be conuidnrod young 

3 If mountai is are wearmtj away fastr.* than 
tbt»v are uplifting, they have rounded fc .tuies 
and may be oonslderod old. » ' 
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1 9; Old and Young 
Mountains 



•Suppose someone asked you whieh of the two mountains 
Shown in Figures I and ills older. Althou^gh this is a very 
complex question, it is possiole to give a general answer. This 
resource deals with the^ way to do this; 

The problem in determining the age of a moumain is that 
two quite dilTerent sets offerees must be considered. At the , 
same time that mountains are being' pushed up from below, 
they are being worn down from above by water, wind, and 
ice. What you see as you look at a mountain is the result 
of both of these sets of forces. V 



Ms 



wssim 



, It the uplm has been quite a bit greater than the wearin- 
away, you should expect high peaks, steep mquntain sides" 
deep narrow valleys, and swiftl^ flowing streams (Figure 1) 
You m .ght thmk of such mountains as "young." The moun - 
taihs shown m Hgure 1 bcgAn "growing" about 70.miIIion 
years ago and continue to be uplifted today. 

On the other hanif, if wearing away has exceeded uplift, 
or .f uplift has stopped, you find rounded hills and broad 
valleys (Figure 2). These are "old" mountainsf The ones 
shown m Figure 2 are believe4 to have slopped "growing" 
about 230 million years ago. . \ ^ ^ 



20 Snow to Ice 

PliRPo:^! To oxaniino the process by wHich * EQUIPMENT LIST 

snow Ch^niyoS to ico* 

NOt\Q 

This resource deals with the process by which snow turns 
mto glacial ice (Figure I). 

When snowflakcs are examined closely, they are seen 
always to be six-sided (hexagonal). Because no two jsnow- 
tl^kes appear^ the same, there are millions and millions of 
variations of this hexagonal form. In spite of their variety 
however, all snowflakes are quite delicie N^h lots of open 
space. For this reason, freshly fallen ^ow ten^s to be rat 
loose, light m weight, and not;jKird <yce i6e. 




n-y CliU'M., i;,o ,„^„„!.„„. „.. ,„,. 

l.niir.l Stair.ri .uoil..- App.,;:,, hwfis \Wm:h .i,e 
i...nipor.«U of tin- AdiioiidacKs Or,-..,. !^an- 
I.wns^ C;iKk.lh.. .•.mokios. ...ul oth,-,'. The 
y'liiiiqci momitni-.^ would mdiKi,. th.. Uod • 
<•--. .md Ui.-.Aii.l.-s m Soull. Ami..,!.:.! llfti 
y'<uai|c: t wolild [Moh.ihly h-- >i.,- . .,•.».„;,.. 
•"'<! aloih) wilh Itw Alp:. .„ 1 uiopii' 



Clii-.U-r D corisi-.i* ,.t HcvtMiu.. :. ;>() .-i 



CLUSTER D 

(Resources 20-23) 



MA.iOf^ POIN I S 

. 1 :.inowflaKfs ^r.? aivv.jy>. Sfx-;id,.,j with 
nuM h open f,p.ic.' mi the ci\ .t.H:. 

The i)!tv.sii/o CM .iccumulatod srvow 

3 l unUi^i packlMt; pipr.;iuio. and mkUhon of 
vv.i!*T chtjfu^^fs II U) solid ico 
4.jru. chaiu>3 iM .n snow to solid can 
rnqniro up to 300 yt^a/s 
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Figure 1 



Whan snow changes to ice under pressure. 
Its density changes dramatically. Snow has an 
average density about that of water, ai* 
though this figure may vary frojn J to ^. Ice 
under normal pressure Is about as dense 
as water, so the mass per unit volume is about 
9:times as great as that of snow. 




At high elevations in the mountains, s^^owfall often ex- 
ceeds the rat6 of limiting. This results in peaks that remain 
snow covered the year around. As snow accumulation in- 
• creases, there is greater and greater pressure exerted on the 
snowflakes at the bottom. In time, the flakes lose their deli- 
■cate structure and become loosely packed ice grains. This 
process may take approximately a year, depending upon the 
weather. 

'With further packing and the addition of water from 
melting snow, the granular ice may recrystallize and gradu- 
ally turn to solid ice. At a depth of about 15 meters, ice 
particles over a centimeter across are common. At a depth 
of about 30 meters, the pressure is great enough to cause 
the particles to lose their form and fuse into solid ice. In 
cold climates, this change from snow to granular ice and,v 
•finally, to solid ice can take up to 300 years. 



EQUIPMENT UST * . 
None 

PURPOSE: To examine the factors that con- 
trol the size^and the movement of glaote/9. 

MAJOR POINTS ' 

1 . The size and motion of a glq^cier are con- 
trolled by the relationship between the crea- 
tion of new Ice at the head and the rate of 
melting at the foot. 

2. Temperature and amount of snowfall are 
two factors thiat control this relationship. 



V 
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21 The Size and 
Movement of 
diaciers 



Measurements show clearly that the lower edges of glaciers 
may alternately move up or down the sj^es of mountains. 
Nisqually Glacier, on the side of Washington's Mount Rain- 
ier, moved back more than 1,200 meters between 1857 and 
1944. On the other hand, the Black Rapids Glacier in Alaska 
moved forward almost five kilometers during five months in " 
1936. What causes, glaciers to retreat and advance? That's 
what tljii-itsourcc is about, • . 



Let's begin by examining what happens at the head and 
foot of a typical glacier. Notice that the head of the glacier 

Ain Figure l^s well up the mountain slope, where cold tem- 
peratures keep s^ow preseht throughout the yea^. The fajlen 
snows gradually turn to ice and add to the size of the glacier. 
At the same time, the foot of the glacier is being melted 
because of the higher temperatures lower down the moun- 
tainside. Gravity, helped by melting and refreezing of ice 

.where it contacts rock, causefthe ice to slide downward. 



Snow 



Snow V 
accumulation 
(glacial tea building) 




Maltfngic* 

(gtaclarto* daatnictlon) 



Ice i9 flowing tlowiy downhill, but 
foot of giaciar^tays at ttta mum point 



Naw location 
of look 



nguf« 1 



Malting lea 



Often the creation of new ice at the head of a glacier 
equals the rate of melting at the foot. In this cpse, although 
ice gradually flows down the hUl, tiie foot of tiie glacier 
remains at about the same point 

But at other times, either Uie rate of melting or tiie rate 
of ice buildup increases with no chaiige^a^Uie otiier. Under 
these conditions, the foot of the glacier would move eitiier 
up or down the moiin&inside (see Figure 1\ 

its 




\ 



.-I 



Mo jmountain glac/ersare retreating (moving 
up t9 moyptainsitie) througtiout the world 
WhAther uiey. will cootlnue to retreat or will 
grow again Into another ice age. is an un- 
decided question. 
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Lesb accumulation 
snow 



Large lo«s of Ice by 
melting and evaporation 




Glacier 
advances 

Figure 2 




EQUIPMENT LIST 
None 

PURPOSE: To identify the terms used to <} 
scribe the action of glaciers on the land. 

MAJOR POINTS 

1. The pulling of rocks from an area by a 
fllacler Is called plucking. 

2. A large bowl forfned at the head of a gla- 
cier by plucking Is called a cirque. 

3. If the cirque fills with water, it forms a lake 
cailed a tarn. 

4. Sharply ridged peaks fprmed t)y glacial 
plucking aru called hbms 

5. One of the most important effects of gla- 
ciers Is the carving of U-shaped valleys. 




Causes: More snowfall or a 
drop in temperature 
results in less melting 
and evaporation. 

Effect: Foof of glacier " 
advances down the 
mountain. 



Causes: Less snowfall or 
higher temperature 
results in more melting 
and evaporation. 

Effect : Foot of glacier 
retreats up the * 
mountain. 



22 Effects of 
- Glacial Carving 

As glaciers move, they grind, carve, and piUtk at the rocky 
faces of mountains. TM^ action produces many of- the 
troughs, bowls, ridges, and sheer cliffs that compose some 
of the world's most beautiful scenery. This resource deals 
with the erosive action of glaciers upon mountains. It also 
identifies some of -the common features that this kind of 
erosion produces. 

As glaciers move down a moi^ntainside, they often pull 
rocks away from the area in which they began. Over a period 
of time, this plucking forms a large bowl, or cirque, at the 
head of the glacier. As plucking continues, the cirque grows 
larger and deeper, often producing .sa; wall many^^lj^eds 
of meters .high and a bowl equaU^-'deep. Meltin| oft-the 



1X9 
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glacier frequently turns the bowl of ihc cirque into a small 
lake called a tanu Figure 1 diagrams the process by which 
cirques are formed. Figure 2 shows an actual cirque and tarn. 



FIgurd A 




A. Snow pile^ up Into glacier 
Rocks under enow crack 



B, Glacier moves down tlie 
I mountain carrying broken rocks. 



Glacier melts. 
• leaving a cirqua ^ 



Glacial plucking often produces several cirques on the 
same mountain. Sharp ridges and many-sided peaks called 
horns are two results of this process. Figure 3 diagrams the 
way these features are formed, and Figure 4 shows a typical 
example; the famous Matterhorn in Switzerland.- 

A glacier sometimes grinds at rock surfaces like a piece 
of steel wool or sandpaper. Look at Figure? 5 and 6. You 
can ^most see the glacier that, once occupied these areas 
smoothirig and polishing the, rock surfaces shown. 



Figure 2 . . 

Sometimes gjaqiors are Jike very rough sand- 
paper indeed. Grooves 2 foet deep and 3 feet- , 
wido have been iduntified on Kelleys Island, 
which is north of Sandusky. Ohio, in Lake 
t\\e. Even doepor glacial grooves, some a 
miio long. 150 foct wide, and 50 feet deep 
were gouged in the rock of upper Canada. 
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Perhaps the most important effect produced by moving 
glaciers in shown in JFigure 7. This U-shaped valley is quite' 
typical of the trough carved by glaciers. It stands in^shqrp 
contrast to the V-6haped canyons and gullies that are cut. by % 
moving water. (The next resource deatJ' with the reasons for 
this difleren^t j ' , 



Till- I ,(U)ei l.nKf. Ill (cnti.ii Ni-w Yuik wttfti 
u> iiu:ti tiy yi;)ci.it«>' .1) fh.- i,»-.f ICO <.y«? they* 
«io rt^.^Uy lony. (i.ti.tii«»l, U-sl>.»ped ^ali«»yb 




Figure 8 §hows a nunVber of the glapial features youVe 
studied, all located in a relatively small area. How many 
additional glacial features can you find? What other, agents 
besides glaciers have affected and are affecting this land- 
scape? 



Figure 7 




GUACIAL 
PALACF 
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Figure 8 



* EQUIPMENT LIST (Optional) 

Ice. with p^bles and stones frozen in It 
^ Stream table, with sand-silt mixture 

f PURPOSE: Tci compare valleys formed by 
. streams and'^ glacli^rs and to examine the 
processes of formation. 

MAJC^^ POINTS 

1. A fast*f lowing Stream cuts a narrow chan- 
nel with sharp bends. 

2. A gHacier cuts a wide, U-shaped path with 
lono. smooth curves. 

When tnbutafy glaciers Join a malr) glacier. 
V hAOflinQ valleys (nty be formed. 
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23 How Glaciers Fomi 
U-shaped Valleys 
and Hanging Valleys 



1 



One of the if ost prominent features of many glacial land- 
scapes is the huge valleys. These valleys stand injjharp con- . 
trast to the valleys curved by rivers. Compare the shape of 
the' typical river valley in Figure^ with the shape of the 
typical old glacial valley in Figure 2. Figure 3 on page 96 
is^ diagfamlnatic sketch of these tv^^o kiriUs of valleys. . 




Figure 1 




'k^^.- V. ■vv•fc 
,■ . . ' '^^/^^v w.. _x 



Figure 2 



V t 

i-i 



1^4 
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A river valley Is V-shaped. 




A glacial valley la U-shaped. 



Rock load «t 
bottom of cut 



Short, sliarp curve 




•Rock load Long, smooth curve 

causes erosion. 




Figure 3 



A fast -flowing, mountain river rolls ^tpnc^s and pebbles 
along the stream bed, causing >a grinding action. This digs 
the bed deeper along a narrow channel and cuts sharp bends. 

When a ,glacier moves down the mountainside, it forms 
a huge, wide, slow-moving mass. Pebbles and- boulders are. 
embedded in the ice being dragged along. Instead of cutting 
doyhward like a saw^cut, it grinds a wide, U-shaped path, 
which can only bend in long, smooth curves. 



Figure 4 
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reediog intent. S~Hc^:^,o\"^^^^^^^^^^ 
this ,ce ,s dragging along the valley floor. 



Th.s activity, pushing ice w.th pebbles and 
stones IM :i through the mixture m the stream 
table. IS opfonal. You may, not have the 
stream table ready for operation yet. a laiae 

frwzo tne T^ay 0/ fee and stones as well 



When a tributary river Hows into another river, the base 
Jcv cl i)l erosion is t}?e bt)iioni of the bi^wr river both rivers 
nu'ct at the same vaJJcy Jcv J. \Vhen a ifibuiarv- eJader meet^ 
another ^Jacicr, ihc busc knd of each vallev dcp^nJ> on hoxv 
much ice it carries. A small glacier cuts 'a shallow valley, 
and a big glacier cuts a deep valley. 1 he rock tloor of a small 
glacial valley can be high up the wall of the big valley into 
which it flows. In old glaciated landscapes, these small tribu- 
tary valleys can be .seen as "hanging valleys." 

Figure 5 sh-ows how-ThetandscapeinusTfa 
could look in the future if the ice melts. The U-shaped valley 
(1) formed by the main glacier and4he hanging valleys (2, 3) 
formed by the tributary glaciers have been labeled to help you 
, compare the diagram with the photograph. 




Figure 6 
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There are many spectacular hanging valleys in the United 
States. Yosemite National Park in the Sierra Nevada, Cali- 
fornia, is famous for its glacial valley landscape. Figure 6 
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SUPPORT YOUR 




GET IT READY NOW FOR C HAPTER 3 
taWes'^fhtl I' stream 

K m sand and mixing it with the 

s It that is supplied to make the sand- Jt com 
Wnation. procunng wood blocks and suppoJs 
for the stream tables and supply bucketranS 
Pjeparmg plaster of paris sheets for Retou'ce 
S;» °" be found In the 

oHLrr?*K"''°^"^'°^y "^«'«^*«' in the front 

ine Chapter and accompanylna resources fhnt 
mu. be procured locally are as fSws aboS 



powdered milk, one quart of gravel a card 
lars as used previously. Two thin sheaf a nt 

ol parts eM„ly i„,o ffi, „„„ J°,7j". 



3 
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EQUIPM6NT LIST 

>er studanMtam 
t ttream table, complete 
^ supply bucket 
2 regular buckets 
Wooden block 
Support for supply bucket 



culZ"^^^^^^^ r^°"^' "^^^ this 

cJusters. Cluster A. 24. 25 and 26: Cluster B 

O. 33 thfouflh 36; Cluster E. 37. 



The Midlands, 
A Pathway to the Sea 

MAJOR POINTS 

idS,"l»',"'°" °' "l""™ Is pro- 
vided usino a slream lablo. 

2 A systems approach Is used In sludylno the 
beaches. ImtLjU 'Cre^L'n''^ ^ ^^"""S 



CHAPTER EMPHASIS 



i-'osion ami cioposifion afa major oroceMiw 
y Shape me midland sec o 7 Norm 
America. The principle agent of both pro? 
;>8se8 18 water flowmg ,n r.vers ChanaSs m 
the s ream s hydraulic factors result ?nSe^ 
ant effects on the landscape 



Chapter 3 



the* river-s kinetic energy arid tends to in. 
crease as enorgy Increases 
O. Deposition of sediment occurs when the 
nvers kinet.c energy is below the particle 
carryiog capacity of m river. Larger part cles 
are deposited first, as the kinm.c energy p o 
gresslvely decreases. Alluvial fans and deltas 
are examples of this process 
3_ Stream table studies show the followInQ 
sys°tls7'*"'" in Te? 
A. The potential energy of a river is converted 

either flow in a river bed or plunge over a fall 
i The kinefic energy of the river is used to 
do work on the landscape. I.e.. erode it and 
deposit siitin low-potenfial-energy.areas 
C Rivers generally originate in" High-poten- 
tia^energy regions, such as mountain areas 
4. Predictions about geologic features are 
based on knowledge of the Tnteraction proc 
esses. More specifically, the student ma|te 




.Have ^^^nZ:^::^ 

in H^^;^^^^^^^^ f'^'^ features shown 

prcoiat .What- the qiidlands might look like the Aiture. 
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Figure 3-1 

and tests the following predictions- 

A. Waterfalls occur where more-resistanf 
.rock Intersects the stream profile. 

B. Gullies erode the landscape b/a process 
of headward erosion. " "Jra process 
C The kinetic energy of a river with' a me- 

fh« I "v®^bank is differential with 

^the outside bends being subjected to mo e 
Aeroslon than the inside 

r 

Ln*'Znrl°''^^^. °' eroslJSlnd deposi. 
tion produces features such as sand dunei 





Figure 3-2 



Figure 3-3 



Rocks In the midlafids ^ " - 

Many parts of the midlands are flat and contain rocks 
buried in the earth. Often, however, these rocks are exposed 
in riverbeds and roadcuts. Take a look at the layered rocks 
exposed in the roadcut in Figure 3-3. Layered rocks like 
these are found almost everywhere in the midlands. 



There may be roadcuts in your area that show 
• layered rocks. If */ft will help to call attentiorv 
tc/ them and Ittt the students see the forma- 
tions for themselves. They might even bring 
.In samples for.identlflcation, ^ 
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3-1. The l.ty,.,od rock was formed under 
water At so„.« „n,e in^e past, wlter C 
•have covered the lancflvhere it .8 ril dry 



If you look back to Fieure 2-4 ^rhi>«,.. ox 
that the major oortinn r^rT ^Zl ^ 

Will no. onZi:; ^^;^:ifz tiT'^r 

discoCred ha yi SLr"^ and 
■s used to shape the midJaids <'"«''an.ca)) energy 

ene'^^^.Atlstetre 'l"^'"' " '^^^ 
goes through a si.Uar prrc:ss" ITw^f t't'h'Tr"'''" 




map ill "^^y 'f^-" one 

map m Cluster A to answer question 3-3 in 

mg on the question and the material th^t 
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Energy conversions (potential to kinetic, etc.) 
are made through the trandtormation mecha- 
nism of work. The water with high kinetic 
energy does work on the rocks at tPif^ bottom 
of the fails. Whenever energy Is changed from 
one form to another, some of it is changed 
to heat due to friction. But evaporation and 
other factors probably keep the water at the 
bottom of the falls from showing any tempera- 
ture increase. 
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Figure 3-5 




Th« btfllnnlnfl* of a rlv«r 

ing ils way from the s Liif Jji b^d- 
.hrough Jhich *rilam flows o^"-^"™' 




•arges, vou,n.e of any r.ver .n France ' 



Figure 3-6 



panicles of rock b*r„ovS7''<i^ because the 

The lack of fine smdLTT ^ large, 
muddy. "h"^ stream from bekg 
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Figure 3-7 




'^MAKE SURE YOU KNtW^ 
HOWTOUSETHE 
STREAM TABLE 
BEFOllE GOING ON 
FURTHER/ 



TiM stream table 



In ^rd«r to study the work of rivers in the classroom, it 
[1 b^eccssar 




Ii . 
will b^eccssary for you to use a stream table. In order to 
solve many of the resource problems, you will have to set 
up an artWicial stream, using the table. 

One of the problems in interpreting the natural landscape 
is that many important variables act at the same time. The 
stream table will allow you to control some of the impcfrtant 
variables that are uncontrollable in nature. For example, 
you'll be able to do such things as create a river, speed it 
up or slow it down, or make it flow through types of material 
that you select. These pdssibiliiies can help greatly in de- 
ciding how real rivers behave. 

The standard setup is similar for all stream-table experi-^ 
ments. Take a careful look at Figure 3-8 and notice the parts 
that are used. 



The supply bucket thould be elevated on 
block* or • box about 30 cm above the" table. 
If a otrdboard box Is used, be sure that' It Is 
strong enough to support the pall at water 
(•bout .10 lb), and also see thai it is protected 
from stopptno with a plastiovcover. 



Stream 
table 
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the stream table is a flat trough containing a sand-silt 
mixture that can be formed into various shapes. Water enters 
one end of the trough through a supply hose from In ele- 
vated bucket, flows across the sand^nd leaves the other end 
through an exit hose into a secondnsucket. The flow of water 
into and out of the trough can be controlled by opening and 
closing screw clamps. The slope of the trough can be changed- 



■ '1 ; 




hy moving a <>upport (such as a brick or a wooden block) 
back and Torth. 

•Ticrc is a iiit of ihc variables your stream table will lei 
you control for expjjrinients. Set up a.strcam table and study 
them. ' '* 

1. Rate of flow in a stream ' - 

2. Rate of flow leaving* a lake 

3. Making a reservoir ^ » 

4. Slope of the stream 



1. To Control the Hate of Flow from the' Supply Bucket 

Most of the stream-table experiments call for you to adjust 
the rate of flow of walcr into the reservoir to a certain num- 
ber of millihtey, per second. Doing this is easy. You simply, 
time how long it takes (in seconds) for the supply hose to 
.All a 10()-milliliter beaker. You can" then calculate the rate 
- of flow lik^ this Cthe example assumes that it takes five sec- 
onds to 'fill the beaker): 



100 ml (vplume of water) 

• J ' ■ — - — ^ — 

5 sec (time) • • 



== 20 ml/sec (rate of flow) 



ACTIVITY 3-1., Set up the stream table and pour water Into 
^ the supply bucket. . To reduce the rate of Wow, tighten the 
screw clamp. Opening the clamp Increases the-«oW. /Vdjust 
the clamp so that you get a- rate of flow of 10 ml/eecond. 
(Note: The rate of flow values given In the resourx:es are 
approxlipate.and can be varied ug* or down by 2lTiJ/«econd. 
Thus, any r^B frbm 8 ml/second to 12 ml/iecond will do for 

a rate of 10 ml/second.) ' 

' .■• ■ ■■ ■■ ' ■ ■ 

\ • . 

When you are sure that you have a ftow of appiDximaiely 
10 ml per seeond. clrange the flow to 5 ml per second. 

You must keep, water in the supply bucket at 'all times: 
To help you do this, an^extra bucket has been supplied. . 
When you see the supply bucket becoming empty, replace 
the full catch bucket with the extra bucket and transfer the 
water to the supply bucket. You will probably have to do 
this every 5 minutes or so. • 

Caution Watvh the catch bucket. Don't iet it ^werjlow! 



Noto itiat sonio Kind of timing device must be 
aviilable for timing ttio tlow ifi seconds. It 
your room has a clock with a oweep-seoond 
hand, it will work fintJ. Students may. haue 
their own watches that can be read In sec- 
ends You might want to con«iider asking "fe.iu- 
dunts for a clock in working order as a dona- 
• tion or a loan. 

Rate of ftow will be somewhat dependent on 
how fnll the supply bucket Is. More froquent 
fwplombhing will" maintain a more uniform 
. lovol and result in ilmore constant rate of 
fiow. 
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2. lo Control the Flow of Hqter Leaving the Stream Table 

Some resources ask you to form a lake at the* bottom* of 
the stream table. You can control the formation and depth 
of such a lake by adjusting the screw clamp on the exit hose. 
If you change the amount' of water entering the stream t^ble, 
the lake level will also change unless ydti readjust the exit- 
hose screw clamp. 



ACTIVITY 3-2. With the water flowing at 5 ml/sec, adjust the 
exit hose to cause a lake to form. . 



Screw 
ciamp 




Screw 
clamp 



As students begin work with the stream table, 
you might want to spend some time with thom 
in small*group discussion on the Important 
points that are described on these four pages. 
One of the things that is the hardest for them 
to understand is the concept of scaiing. For 
example, suppose a river is simulated by a 
fiow of water 1 cm wide in the stream table. 
This m?ght represent a width of 20 meters m 
the actual nver. The ratio of 1 cm to 20 m 
is 1 to 2.000. If everything else in the stream 
table were at the same scale, then a tiny grain 
of sand 0.25 mm in diameter would represent 
a rock 2.000 times as large, or 50 cm across. 
Yet the* speasigi at which the real river flows 
would not be 2.000 times greater than the 
speed of the water in the stream table^ So the 
activities only serve as a rather rough approx* 
Imation of the actual event& and features. 



3, To Make a Reservoir 

^ Some activities call for a reservoir at the upper end of the 
stream table. This is used to observe the effect of a wide, 
thin sheet of water. In general, a slialtow reservoir molded 
-near the top of the stream table will serve the purpose. How- 
ever, you may wish to mold a larger dam when your activities 
call for a thick layer of sand and silt. Pile up the sand and 
silt with your ha^ or use a small bOard. Figure 3-9 shows 
where and how iFdo this. 
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4. To Adjust the Slope of the Table 

Most resources call for you to raise the upper end of the 
stream table a certain number of centimeters above the table, 
'fo do this, simply slip a sufjjgprt under the stream table* 
TheA move it back and forth to^^et the appropriate height. 



Flgur« 3-9 



X. 

PL* 



^4 




^t^^^^^ ^"^J^et- You must keep your eye on 
the catch bucket to keep it from overflowing. You can 
avo,^ the problem in some activities by pouring less 
* than a full bucket of water into the supply system tt 
start with. Any time you use more than one full bucket 
of water, you will need a third bucket to trade positions 
with the catch bucket before it's too late * 

2. Be sure that the water-supply pail is set on a box or 
other support about 30 cm above (lie itiblc. 

3. Keep the supply holjc and dump allached m all lii.u-s 
to control the water How. 

Do not remove the sand-silt mixture from the stream 
table when you finish an experiment. The next person 
using the table will need the same material. 
The stream table isn't a perfect model. You will not 
get exactly the same effects that a real river would 
produce. Remember that the particle sizes you us^ are 
very much out of proportion to the volume of water 
flowing through ai real stream. 



4. 



Some teachers have found that a sign saying 
• Check the catch bucket" posted near the 
stream table (Is a helpful reminder to guard 
against overflow and the resulting mess. 

THINGS TO 
WATCH FOR 



4 
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Figure 3-10 



The river at work 

l-igurc 3-10 shows two dillcrcnt views of a river. In the 
picture on the right, tiie water is flowing swiltly, and there 
are many rapids in the stream thannel. In the picture on 
the left, the river is sluggish, with no rapids, and the sur- 
rounding land is very Hat. <^ 




ftL«MMi:|i:|:i:l^' 9^"^* ^''''^ factors'eause rivers to flow swiftly/ to slow 

• ^ down, and to carry away rock and soil? 



Clu8t«r B (Re80urce8.27 through 30) 



-When a stream reaches the foot of a mountain, it may 
suddenly spill out onto the valley lloor, as shown in Figure 
I here it widens and slows down. 



Figure 3-11 
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^.r^r '•■"',"P''=' '""k I' l-'Sure 3-12, which shows two sm^ll 

m" Ih CT'.'^" """-""""g "^^am wi,h .he one on 
■he nghi Noie ihe depo»m ,hat fan out on the valley flooT 




DW. Why do deposits occur at the floor of the vallev as 
m Figure 3-12 (nght)? List several variables that affecMht 

tfTT. f "P'"*" ^""^ i" of he chlt^^e 

of the water's pdtenUal into kinetic energy. ^ 



' Figure 3-12 



I 
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Special erosion features of rivers 

Up to this point in this ch'apter you have investigated some 
ors that control rivers that erode the ' midlands Tn 
is^ion you will be studying some of the special features 
of the landscapes that are due to erosion by rivers 

To study these features, we are going to ask you to make 
predictions about specific features tnd'events be^or check 

2 nfT"T "T'^ find desert 

Uons of severe numbered features, along with two or mofe 

smteZnT '-i" find a s^Z 

ttrouT/h A "^"^^ ' P^^^^^^^^n- carefully 
through the descriptions and examine the figures. Then select 
one that you would like to investigate "^^^eiect 



Cluster C (Resources 31 and 32) 
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Clu*t«r 0 (Resources 33 through 36} 



T«bl« 3.1 



□3-6. Write a prediction concerning one of the features and 
enter it in Table 3-1 of yoUt Record Book. Test your predic- 
tion by consulting Cluster D of the resources. If you are 
interested, go back and make predictigfis about the remain- 
ing features. 




Feature J: Waterfalls 



Figure 3-13 



Figure 3-13 shows two views of Niagara Falls in New York 
State. The top of these falls is a flat plain with gently rolling 
hills. Actually, the plain rests about 175 meters (570 feet) 
above sea level. The falls are more than 50 meters (167 feet) 
high. Each.^«ar the falls cut back into the plain about 1^ 
meters (5 feet). During the last thousand years, the brink 
of the falls has moved more than 1,200 meters (4,000 feet). 
This has resulted in the long canypn*diat the falls crash into 
today. 



The student is to choose amodo wu:orfall8, 
Ouillos. and moa»dflr^ You mujht femforce 
the last patatjr.iph on p.iye 111 t)y teminding 
the students to oad through pagos 112-116 
l)efore decidiMg which resource in Cluster 0 
they will do. 



v.. 




.Figure 3-1 4a 

Another good example of the cutting back of the brink 
of a waterfall is the famous Grand Canyon of the Ypllow- 
stone RiVer in Wyoming (Figure 3- 14b). In fact, several brinks 
in the river are being cut back at the same time as the water 
falls to one level, apd then to another level, and so on. Here 
there is a sequence of waterfalls, not a single-level waterfall 
as there is at Niagara. (The same section of the Yellowstone 
River, that appears' in the photograph is shown in Figure 
^Ma.) ... * ' . ^ 




Figuce 3-1 4b 



The Grand Canyon of the Yellowstone is 1.200 
feet deep below Yellowstone Falls. The soft, 
volcanic rock of the Yollowstone Plateau has 
been cut for 20 miles by the action of the 
Yellowstone River. Above the falls, the river 
is rather sedate as it winds quietly through the 
park. 
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Pr€dictio>i 1 



Tha simple, labeled skeu hes should be made 
In th« space provided tn tho student Record 
Book. 



Assuming that a difference in rock hardrtess is responsible 
for the location of both waterfalls, where in each figure (3-13 
and 3-14) do you predict the layer or layers of hard rock 
are located? Make .simple sketches of each figure and label 
the locations. 




Figure 3-1 5a 



Figure 3-15b i 




v^* — 
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Feature 2: Gullies 



Gullios are rather common in ma/y sections 
of the United States becaus^^ of the removal 



Figure 3- 15a is an aerial view of a flat hill (plateau) in 
South Dakota. The dark, branchlikc futures are gullies. The 
gullies stand out because they are lijpS with plants that grow 
there because of the extra water. 

#• of trees antTbther vegetation, and the result- 

ing erosion. You may be able to direct stu- 
Prediction 2 dents to a \ocqI example for firsthand irrfbr- 

mation. / / * 

From looking at both the picture and the drawing in 
Figure 3-15, what do you predict is (1) the direction that the 
water flows in the gullies and (2) the direction that the gullies 
tend to grow and get largei?^-Make a sketch a^nd label 



Feature 3: 



Metiers 



^One of the most common featureSj^of a river is a bend 
or a meander. Figure 3-16 shows a bend in the Little Mis- 
souri River near Medora, North Dakota. — 




■6' 



Here the kinetic energy of the stream is being used to cut 
away at the bank of the stream rather than to cut down 
through the rocks. ' 



Figure 3-16 




Tht AptiAChlcota Rtvtr wna htavtly uied for 
. ihlpping cotton from th« plantations to the 
. , Quit of Maxico in the past. It is Itllt used for 
commaroial transportation all the way from 
the Quit up Into Gaqrgla. Obviously the for- 
. mation of sand depoalts that are constantly 
' Changing pr4aent$ a navigational problem. 



The Apalachicola River in northwestern I'lorida is another 
good example of a riverSuloing work other than downcutting 
into rocks. An aerial photograph of ps^t of tHVs river is shown 
in Figure 3- 17a. The water in the photograph flows toward 
the bottom of the j5age. ) 



Figure 3-18 




m i SBOSION 
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Figure 3-l8 shows a Montana river meandering down a 
gently sloping valley. Notice that the pattern of trees suggests 
that the rPvfer bends have swung fr6m Jhe far side to the near 
side of the valley. ^. 

t 

Prediction J , ^ 

If the .black arrow in Figure 3-17 points to deposits of sand^ 
predict where other similar deposits of sand would be found, 
and A^hether the water at that point will be flowing faster, 
or ,slower, than at point A directly across the stream from 
th^ arrow. Whafdo you predict will happen to the land in 
Figure 3-18 that the arrow is pointing at? 



Other forces that shape the midlands 



It is obvious that water has a good deal to do with shaping 
the landscape. Water is Important both as a means of adding 
land in some places and as a means of wearing away land 
elsewhere* But other forces are also, important in forming 
the midlands. Let's look at some of these. 

The two photograpks in Figure 3-1^ were taken seven 
years apart V^nd caused the motion of the san<l dune that^ 
you see, ^ *^ 

. . . ; • ^ 

\ \ •" ■ . : ■ 
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□3-7. Based on eviden(^ in the photograph, in what direc- 
tion do you think the sand has moved? Which photograph 
(left or right) was taken first? r & k 

V 

Conclusion 

In this cfiapter you have been primarily concerned with 
the processor erosion as it aflfects the midlands. Figure 3-20 
IS the same diagram you saw on the first page of this chapter 
If you ve done your work well, you should belTbl^ to describe 
and interpret the features as shown. You should also be able 
to make predicUons about the area and what it mieht look 
like i« tav? future. • 



Figu re 3-19 

Cluster E (Resource 37 only) 




Figure 3-20 

Before going on,' do Self-Evaluation 3 In^our Record Book. 
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CLUSTER A 

(Resources 24-26) 




Ctuster A consists of Rasources 24. '^b. and 
26. which are ammd rivers, and factors that 
affect thetr fdrnmtton. 

.EQUiPMENT LIST 
None 

PURPOSE: To provide information on the 
possit>ie sourer of water for river formation 
from precipitation. 



Average Annual 
Preciiiltation in 
the United States 



MAJOR POINT I 

Most of the United States receives from 26 to 
178 cm oj precipitation per yoar. with large 
areas in the western part of the country re- 
ceiving 25 cm or <ess, and only a tew scat- 
tered greas receiving mor6 than 179 cm per 
year. 




s 
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River Systems Map of 
the United States 



EQUIPMENT LIST 
None 



PURPOSE To show the nver sysmms of the 
United States. 

MAJOR POINT 



[owing 
0xico 
Call- 



in general, rivor systems seem to flow from 
two "dlvldes"-one in the eastern U S. flowing 
east to the coast and west to the Mississippi 
River, and one in the western U.S. 
.east to the Mississippi and the Gulf of 
ai^d west to the coast and the Gulf 
fornia. 




Colorado Rivor 

Rio Grande River 
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26 Elevation Map of 
the United States 
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2Z Variables Affecting 
Rate of Stream Flow 

PURf>v;;,E, To inv^tiqute tho factors thai 
affect rate of aUoum flow 

Rivers and stream? can be raging torrents or slow-moving 
trickles. In this resource, you will try to determine what 
variables ^ffect the «A^d at which water flows. You wiIl\lso 
investigate whctherWnol the speed at which a river flows 
IS the same from bank to bank. To do the c^pefiments, you 
will need a partner and this equipment: 

1 stream trough 



1 dropper 
I wax pencil 
1 water-supply system 
for the stream trough 



Food coloring 
Supply of gravel 
Modeling clay 
^cm ruler 



ACTIVITY 1. With a wax pencil, mark a starting line 8 pm from 
the upper end of the trough. Elevate the upper end of Ihe 
trough 4 cm. 



t.cUv I) . 
' 1 It .'ill I. 
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(Resources 27-30) 
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ACTIVITY 2. Set up the water 8\ipply Bystem as shown. Adjust ' 
the water flow Into the trough to 10 ml/sec. Be sure to keep ' 
the supply bucket at least half full of water at all times. Do 
not let the catch budket overflowl 



» r ; ill,') i! 




MAJOR POINTS 

1r Rat« of flow Is affectetl by 

(a) the slope of the trouqt). 

(b) the amoufU of water ftowtog through the 
trough, and 

(o) the bed over which the wator flows 

2. The tame factors affect tr>e tiow of natural 
streams. 

3. A stream normally flows fastiu m the center 
than at the sides. 



ACTIVITY 3. Add a drop of food coloring to the water as It 
flows past the starting line. Time how long It trices the dye 
to reach the ehclfof the trough. Calculate the speed in centi- 
meters per second, and record your data under Trial 1 In 
Table 1 of your Record Boole. 



Note the need for some method of measuring 
time In seconds 



Add a drop of 
food coloring. 








' ■ .ffate'of Flo>^|>i^ 
■^toitrougl^ 
- ' Ca^mlAec)^;? 




firiw' ■ Speed ''y<^^i 
\,(^ <^in/sec)r- 


^iYial'.I^' 






/^Normal 










Normal?/ 


.'r*'/'' 




lis? 




j.;jNonnal' ' 










-.-f:' ' ■ ' ■■ 
A'Normal^.-^' 
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Next; you will carefully and regularly change the slope 
of the trough, the amount of water' flowing through the 
trough, and the bed ovei; which the water flows. You will 
then decide whether or not changing these variables alfects 
the rate of flow down the trough. 

Set up and carry out Trials 2 through 5 as de:icrtbed in 
Table 1. Measure the rate of flow down the trough for each 
V trial and epter your pesults in the table. Notice that increasing 



\ 



the rate of flow has the etlect o{' iiicioasing the \/)hnne of 
water m tlie trough*. Note also that Inal 5 calls Vor you to 
spread a hiyer of gravel along the stream bed. 

If vou did careful work. yoii_ft)und that increased slope, 
increased volume oj^* water, and a snuujth bed all cause the 
water to How faster down the trough. These factors inlluence 
the rate of flow of water in natural streams, too. Rivers flow 
faster on steep .siv>pes. when swollen by rains or melting snow 
at certain seasons of the year, or when flowing through beds 
with few ob.stades. 

One of the questions posed at the beginning of this re- 
•source is whether or not the rate of flow in rivers is the same 
from bank to bank. You and yt)ur j)artner can use the trough 
you've set up to answer this question, too. To do this, .set 
up the apparatus as described in Activities 1 and 2. Then 
add a drop of food coloring aiuJ watch it cloi.ely a.s it movev 
down the trough. Try to decide which shape in l-igure I most 
closely resembles the front edge of the drop. 



1 tio .luicuint ">i t)ravt!l ti:.f(l 111 lii.il :. .n.iy v.tty, 
tiut It Should titt •juffu icn; t.> iioiu «at)ly .iitoct 
tlitt flow m the sKcuii Koilijfi 1 lit.' yi.iv«l 
■ tu'ulit 111) ri-iiinvfd .it Iho ( (iiu In-. ion u( ltl«» 
tti.il Witli (hti Writ saiiii. i.irol..il)ly the best 
nuithod IS pn kmy tt»« individual pebbles oul 
tiy hand 




Figure 1 

You probably found that the front edge of the drop looked 
most like A above. This tells you thaf the stream was flowing 
faster in the center, ahd slower ajlong the sides, of the trough. 
Natural rivers and streams flow this way, too. How do you 
explain this difference in speed from bank to bank? 



The friction of water ag.iinst the surface over 
which it is flowing is moie pronounced at tha , 
edges than in the center, of the stream. ■ 
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equipmeKit list 

1 complete tiromn tabfo 
Powdered milK solution 
1 uropper 

PURPOSE: To investigate the relationship be- 
tween rate of stream flow and particle- 
Carrying capacity. 
\ 

MAJOR POINTS 

1. Where a stream, flows faster, more and 
.larger sue particles are carried along by the 
water. 

2. When a sti-Mm slows down, particles are 
dropped by the water, with the larger size 
parti.cies beiiuj dropped first. 



28 Particle-carrying 
Capacity and Rate 
of Stream Flow 



How big a rock can a stream carry along? Depends upon 
the stream, you say? Sure, it's pretty obvious that fast-moving 
streams have greater kinetic energy and, therefore, can carry 
bigger rocks. But the rate of flow of streams is not con- 
stant—they speed up and slow down many time^ over their 
courses. What happens to the materials being carried by a 
river when its rate of flow changes? That's what this resource 
is all about. 

For these activities, you will need the following materials; 

I complete strearti-table setup // 
I powdered-milk solution 
1 dropper 



ACTIVITY 1. Set up the stream table as shown. Use a bucket 
to fill the lake u^tll water Just leaves the outlet hose. Adjust 
the inlet water flow to 3-5 ml/sec. 



i 
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Outlet 
hose 



1d-\ 




ACTIVITY 2. Add a drop of powdered-milk solution to the 
water and note the places where the stream's rate of flow 
changes. Note also where particles of sand and silt are de- 
posited t>y the stream. 



Add a drop of 
powdered-milk solution. 



If you did your work well, you should Jiave found a relav 
tionship between the number and size of sand particle^ 
dropped by the stream and the changes in the stream's rate 
of flow. As the stream slows down (loses kinetic energy), U 
drops part of its load; as it speeds up (gains kinetic energy), 
It picks up additional material. 

This general process works in nature as well as on the 
stream table. Take a look at Figure L Can you predict at 
which points the stream is moving slowly and at which points 
it picks up speed? * . 



•Another of the discrepancies botweon the 
Minulalod river in the snoani table and the 
actual river m nature is the time factor. In the 
ill earn table, sand is moved (fortunately) 
,r>Uier rapidly But m an actuAW.eandering 
riv^r. It may take thousands of years for a 
single grain of silt or sand to move from 
niountain peak ^ seashore. It makes the 
journey In a series of short hops. For several 
days it may be swept dovirnstream. and then 
lodge itself in a bank or backflow. where it 
remains for many years belore making the 
next short journey. 




Figure 1 
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EQUIPMENT LIST 
1 complete dtreum table 

PURPOSE: To investigate the connolllng fac- 
tor In the depth to which a stream will cut a 
channel. 



29 How Deep a Channel 
Can a Stream Cut? 



This resource will help you liiui out if there is any limit to 
how deep a channel a river can cut. You will need a partner 
and a eonipiete stream-table setup. 

ACTIVITY 1. Arrange the sand mixture on the stream table^ 
as shown. Be sure to give the proper slope to the sand. Notice" 
that the stream table Itself Is leveLjnd that the lake level 
comes up to the edge of the sand, 4Sust the water flow Into 
the reservoir to 5 ml/sec. Notice hoiS[ deeply the stream cuts 
Into the sand. 



MAJOR POINT 

A stream cuts to the level of the body of water 
into which it flows. 

Note that the stream table Is flat Instead of 
sloping. Have students fill the lake first, and 
then shape the sand to give a slope down to 
the lake shoreline. The upper part of the sand 
could be about 5 cm deep. Then trace a staf t- 
Ing stream channel with a finger. The outlet 
clamp is closod. so the lake level wll! rise as 
the stream flows In. This will give students 
time to watch Ahere the downcutting stops 
and deposition takes place. Hopefully they will 
observe the downcutting stop as the lake 
water comes up the stream valley. 

Elevation of the stream table 1 cm can be 
done v\/ith a thin board or with cardboard 
pieces. With an Increase In slope, the stream 
should downcut until Its valley depth again 
reaches the lake ievei. 
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Wheiuthe stream stops cutting, compare the depth of the 
gully with the level of the surface of the lake. You should 
find that they are approximately the same- A stream cannot 
cut a gully, canyon, or valley whose bottom is lower than 
the surface of the lake (or sea) into which it flows. You can 
see this more clearly Ipy changing tlic slope of the sand in 
your stream table. 

Repeat Activity 1, with the reservoir end of the stream 
table raised one centimeten J^lotice what eflect changing: • 
slope has upon how deep a channel is cut. Notice alM> i:..u 
the stream still cuts only to the level of the surface of the 
lake. .H. 
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The principle that a stream cuts fa tlie level oi' the body 
of water into which it Hows applies in miturp as well as on 
the stream table. lake a lo.i)k at I-igures^ 1 and 2. How do 
you account for the dillercnce.in liow deeply these two rivcrs 
have cut? 



Figure 1 



^■O- ,..„:■,;•: 



The stream in Figure 2 was much higher 
above the body of water into which it was 
flowing than the stream in Figure 1 was. 



Figure 2 
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30 Effects of Obstacles 
upon Direction of 



Stream Flow 



LUUIF'MLNI Li'ol 
None 



PURPOSE: To examine reasons for stream 
braiding. 

In this resource, you will study photographs of rivers flowing, 
through several kinds of materials. Your problem will be' to 
notc^and try to explain any changes in a river*s course as 
a result of obstacles it encounters. 

First, take a Idok at Figure 1. Notice that the river is 
flowing through an area of large rocks. As the river flows 
aroundhspme of the rocks (Figure 2), it is broken up into 
a series of small streams, (This is called braiding.) 



Figure 1 



Figure 2 



MAJOR POIN^ 

1 . The stream itseit often drops obstacles \tv 
Its bed. 

These obstacles cause tHS stre^ to divide 
into more than one channel. 
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Take another look at Figure 2. Notice that the boulders 
' that caused the braiding iare located at the point where the 
mountain begins to level off". These rocks were very likely 
carried down from the mountain by the stream* They were 
. dropped where they are because the stream lost speed (ki- 
netic energy) as it jiit the bottom of the slope* It is at poiflts 
like this that one most often finds braiding of streams* 

The river in Figure 3 is braided, too* What caused the 
splitting this time? 
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Figure 3 




EQUIPMENT LIST 

31 Alluvisl F3n^ 



PURPOSE: To invesCtgate how and why allu- Cluster G consists of Resources 31 and 32. 
vial" fans form. . • n js conterfied with depositional processes. 



Sometimes stone, gravel, and silt washing down a steep slope 
form a fan-shaped deposit at the base of a hill. Such deposits 
are called alluvial fahs. Figure 1 shows several, alluvial fans 
in Death Valley. 

. In this resource, you will have a chance to investigate for 
• yourself how and why alluvial fans form. To do it, you will 
nted a partner and a complete stream-table setup. 

i58 
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Figure 1 



MAJOR POINTS 



1. A fan-Shaped deposit at tho bottom of a 
steep slope Is catted an at!uv<ai fan. 

2. Factors such as amount of water ftow. 
looseness of material, steepness of slope, and 
variation in water flow may affect the forma- 
tion of ailuvial fans. 
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ACTIVITY 1. Set up the Stream table as shown. Adjust the 
rate of flow Into the reservoir to 5 ml/sec. Allow the water 
to flow for several minutes. Observe what happ< 




Did you get an alluvial fan to form? Once you have sue-, 
caedcd in getting an alluvial fan to, form, you are on your 
own. Vary the procedure outlined in Activity 1 in aiiy way. 
that you like. Keep in mind that you are trying to learn the 



/ 
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auuhnons present when -alluvutl lan.s lorm. Here arc some 
variables you may want to experiment \^h. 

I. Amount of water flowing down the hill 
1 Looseners of the materials over which the water flows 
. 3. Steepness of the slope the water flows -over 
4. Change in the water's rate of flow 

/ 




^ ^ Figure 2 

' Figure 2 shows some white areas in addition to the alluvial 
ans^ The water that brought down the material that formed 

the (an carried dissolved materials with it as well. In a dry " 
C/^rea hke Death Valley, water evaporates very quickly leav 

.rvg the dissolved material behind. The white' mate'n m 

Figure 2 is mostly salt. 

) 1 complete stream ,abla 

Knife , ' 

> . . ^ baby-food ja^ 

32 Delta Formation and 
Changes in Sea Level 

PURPOSE: To invostigafa delta formation. 

Soil, sand, and gravel dropped at the mouths, of xi vers build 
up imp fan-shaped deposits called cJeKas. The one at the 
mouth of the Ml^ grew slowly over, thousands of years but 



Sn,d«„it; :.t,<„)i.f i,o .,bi„ t.) discern. f,om tho 
activity ,..Ki f,(„„ tii.) iiiijijtfations. that an 
HlMiipt I..V. : ng ot a st,uam cM.nu.el makos It 
'mposs,l,u, ,u, t(u. M.oam to ca„y .ts entiro 
kwd As .(... .Mart IS (t'..pf,od. .1 fan ,s forniud 
This IS « i,„i^. cMiicuIf to sii.u,l,,te with tho 
s fedm t.,1.1... b.H:...i:,o ai. ub.upt chanuo In 
slope IS h....j to (jot 




MAJOR POINTS 

1. A delta is the fan-shaped doposit dropped 

at the mouth of, a river. 

2 As a river flows into a sea or lake. It slows 

down, and its ability to carry sediments is 

reduced. 

3. The largei particles are deposited first .and 
tne finer panicles settle in deeper stiller 
water. 

4. Multiple deltas result when the sea or laKo 
level changes 

5. Rate of stioam flow has an elfebt on the 
speed and &ize of delta formation. 
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you can make a simulated delta in a few minutes. ^ 

Get the complete stream-table setup and a knife I'or shap- 
ing the sand, l^hen do the t'ulk)\ving activity. 

Important Note: The stream-table activity is an attempt* to 
reproduce natural conditions as closely as possible* but it is 
most important to remember that* it is m>t a natural stream. 
The size of particles in relation to the size of the stream and 
to the rate of flow is not the .same as in nature. Ncittjer is 
the time. 

ACTIVITY 1. Set up your stream table as shown. Adjust the 
rate of flow tnto the reservoir to 5 ml /sec. Allow the water 
to flow for about 10 minutes. 

Carefully watch the buildup of the delta and note what 
happens to particles of different sizes. Leave the delta In 
place for the next experiment. 




The Mississippi River drops 2 million tons of 
sediment a day Into the Gulf of Mexico. This 
great a load is actually deforming the crust 
of tte eartfi and causing it to sag about 3 feet 
every hundred years. This has been going on 
for such a long time that the sediment is no\N 
©stimat'ed to be 30.000 feet deep at the river's 
delta. The sagging will probably cause some 
adjustments in the distant future: uplift may 
occur In lands surrounding the Gulf. 



132 RESOURCE 32 



Clamp 
open 



Where arc the finer particles deposited? Compared with 
the coarse sand grains, are they closer to or farther from the 
shoreline? 

What you have just seen in the streani table is very much 
like what happens at the mouth of a large river. As the river 
flows into a sea or lake, it slows down, and its ability to carry 
sediments (particles) is reduced. As a result, its load is 
dropped, and a delta is gradually built up from the deposited 
sediments. The f^nc particles are deposited in the deeper, 
stiller water. 



I here is much evidence that the level of the seis has 
changed many times in th.e past. If the land were to s.nk 

nf i ; '''''' ^ ^hen the posaion 

of the shorelme could move some distance. For example 

Honda s Gulf Coast. (Figure I is an aerial photograph, and 
'ra^*") ^ ^^^P ^"^^ understand the phot<< 



Figure 1 




Old sand dunes 
and previous 
shorelines 



Present 
shoreline 



..••'** ^ *^afi\j VJUII05 lou uenin 

Previous .•• ' "'j **' V *• ^T'^^V ^^^^/ ^^^^ dropped 

Shoreline (ancient) — '" J^. V*'^-.. .--^^ / 

s^.-'-"-.- ■ ■ :■• ...»■(•:£ * 7^. ..■.vV*^"*^W!\ Present 



Figure 2 

Old sand dunes left behind 
when sea level dropped 




Previous 
beach 



Present 
beach 



Ocean 
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You can use the sircain tal>lc U).nuHiol (ho otl'ccl ol* ihc 
ciianguig sea level upon deposuion of materials. 

ACTIVITY 2. With the delta from the previous experiment still 
in place, carefully raise 'the lake level as sh6wn. Without 
disturbing the delta you formed, replace the sand-silt mixture, 
at the top of the table and allow the water to run for another 
» 10 minutes. The rate of flow should once again be 5 ml/sec. 
Notice how the sand Is deposited this time. 




Clamp 
closed 



W students examine a map of the United 
States closely (Resource 25). they will see 
the multiple deltas of the Mississippi. New 
Orleans Is built on material deposited as an 
older, broader delta. The presently forming 
delta of the river Is over 75 miles southeast, 
In the Quif. The sea level (or Gulf level) has 
changed o^er the centuries. 
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You should see a new delta forming on top of part of the 
original one. Wjien you see the second delta forming clearly, 
try simulating flood periods by pouring a baby-tbod jar of 
water qpickly into the reservoir every halfMiiinute. Move the 
jaf as you pour to stir up th'e silt. After abcnit 10 <ninutcs, 
stop the water flow and completely dram th6 stream table. 

You should now have two deltas, one %)vtrlapping the 
other, as shown in Figure 3. 

You have observed that deposition of sediment in a delta* 
sorts out the size of the grains. And you should realize that 
a Gombination of rate of the stream flow and deepness of 
the water determines where the particlc.s deposit. This double 
delta eff'ect— the position of one delta on top of another — 
occurs when change of sea level takes place for some reason 
(by melting^of continental glaciers, for example). 
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Coarse 
' grains 



Past 




Present 
shoreline^ 



Figure 3 
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33 Waterfalls and 
Rock Hardness 

PURPOSE: To InveslUjate the relallonshlp of 
rock hardness to waterfall formation.* ">/ 

This resource 'deals with the interaVion of waterfalls and the' 
crust ot the earth.' You Ivifl learn how the hardness of the 
rock and its s^ructure^llect the shape of the falls. | 

Figure 1 shows a waterfall in Indiana that is tumbling over 
a ledge of rock. Can yoiT guess how the hardness <.)f the rock 
at-<he -lop of-^the Wi^iorm differs from the hardness bf the 
rock at th^^ottom? 

. With your stream table, you can test the effect of relative 
hardness and work out a-model for the process taking place 
To do the activities that follow, you will need, partner and 
the following materials:- 

■ 1 complete stream-table setup ' • ' . 
2 sheets of plaster, about 0.3 cnv thick by 5 cm wide bv 
• 10 cm long '. .' ■ 



l6i 



C:iu3tor D cvn?i5ts of fU^^ources 33 througfv 
■Ui. inici iis concerned with oro&ion by runnino 
wator. ^ 

CLUSTER D 

(Resources 33--36) 



1 comploto stream tablit 

? sheets of piaster, about 5 cm x 10 cm x* 
0.3 cm 



. MAJOFT POINTS 

1. Tt\^ way tijat wator rrodes nuitori«l Is de-* 
pendent on the hardno:.*; of tfio rock. 

2. if the top Myor of wck is harder, a waterfall 
with a sharp edgo will result, if the underlying ■ 
rock is harder, ttie edgo ot th« waterfall wlii ' 
1)6 rounded. 

, ji. If all tha rock is one kind of hard material ' 
the falls cut brick slowly. ^ * 
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Figure 1 



The propa ration of tho pIar,i«.T sheots. which 
lopresent*! hard ^«)CK laferTjs dgscnbed on 
tho last pacjo of Chapter 2 hiaterial. in the 
toucher notos entitled "Get IttReady Now for' 
Chapter 3/' \ • - 



« ACTIVITY 1. Set up the stream table and sand mixture as 
shown. Make a layer of sand-silt mixture about ^3 cm deep. 
Place two sheets of thin piaster on the layer as shown. 
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2 shee^ of piaster, 
one on toplgf the otho^f 




. • ,■> 




ACTIVITY 2. Now cover the platter with a layer of sand, and 
make a •light valley «o that the •tream will flow over the top 
Of the buried plaster. Start the water flowing. 




ACTIVITY 3. Adjust the water flow Into the reservoir to 5 
ml/sec. Let the water run down the valley until It has eroded 
enough to uncover the plaster. Allow erosion to continue for 
about 5 minute^ after the plaster Is uncovered. 




:M 




#The plaster represents layers of harder sediment or pcr- 
ips a lava flow between sediments. Jhe'sand-silt mixture 
represents softer rock abov^ and below the harder 'rock. 
When the plaster becomes exposed, what happens to the rate 
'of erosion upstream, and downstream from it? 

Now take a look at figures 2, 3, and 4. These drawings 
show two possible effects of water flowing- over falls 'like the 
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tht) wiUO! IS alloweu to flow itn a lonri 
ijnough' imu;. thti strc<un will unilu-rcut the 
pl.iiitor qlu^iUs If a WKlo stionm woKi uuod. it 
niiciht bo p.>:-.oiblo to uiKlercut or.ough \o 
i\ujKt» the pl.ij-.tfr sheet:; to coHap'io. modeling 
tluj action' ol J tails cuttiiu; its way up a 
iiliyain. 
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F lguro 2 roprnr.tjnts tfu> < 
pulfu)le at Urn lH)Uorn ih t: 



,»»|f,»|| I tu» 
.u t.wniiMin<j 



one \ou jusl \ookoi\ .11. hv lo ilcculc iojMcMll\, un.lhc basis 
i>f vvlial yoifvc seen, wiuch scl best rcprcscnis what is i»oinu 



Figure 2 



Figure 3 



Figure 4 
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Waierfalls arc commoiT landscape features where water 
Hows rapidly over a hard rofk ledge. When the ledge rests 
on sof ter roek. ijie water will erode the softer rock Caster than 
^ the lop layer. resVlting in a sharp edge to the falls as shown 
in Figure 2. Notice the pothole (deep pool) forming at the 
base of the falls and the flat chunks of rock that have broken 
ofl" into it. . 



: In l-ijiuif .1 the HK-k honcatli ilio (op lavors is Imrdcr th.ui 
that in tiu- siivani hod, '1 he top layers, thereloie. erode more 
quiekly. niakiiV^-tlie edye more rounded. Notiee that no 
pothole IS toinied 

In l-iome 4. aH the loek i.s made ol' one ivpe oT haul 
inaicnal, and the falls cut hack slowlv. No pothole is formed, 
and the shape of the falls changes very little as the river 
erodes away the rock. 

If you've done the resource on distinguishinj; rock types. 
yi»u may be able to guess which roek types are shown" and 
discussed above. Which do you think is igneou.s, meta- 
nu)iphic. and sedimentary? 



Gullying and Erosion 
of a Plateau 



• 1 ' - 



rM:ioti u, 



I \ • lu^jl •(■ - •-*• I .iin I. 'I • 

In this resource, you wiir study what happens when water 
runs otVa tlai-ioppcd hill. To do the activities, you will need 
a complete .stream-table setup and the help of a partner. 



ACTIVITY ^. Set up your apparatus as shown. Be sure that 
the flat-topped hlll of sand is at least 5 cm high. 



Sand 
5 cm high 

X 
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^ .^'vi. . ■. n,Mf;?i.f/-.i u:t\ tofi^M^f l.ilf con 
;V VVI;.-».^.,. Im... fj,.| \:u(y'i ;,n l Ujik^ik from 

N'-.'vy :.M..'.iP. ih,- |.roc.»!.-.isc;ili.Mj hoadwniil 
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ACTIVITY 2. Adjust the rate of water flow to less than 3 
ml/sec. Move the hose back and forth as the Water falls on 
the hill. Notice what happens to the sand as the water runs 
off the hill. Try to decide why gullies begin to form and how 
they become longer. 




gully from tlic sides, the branches yi)u see in tlie photograph 
\ t'orined. 

Notice also that waterfalls have been formed at the tops 
of si>mc of the gullies. During rainstorms, the waier thai 
pours over these falls gradually erodes away the lip of the 
gully. In this way, gullies become longer and longer. This 
process is known as headward erosion. 

What*s the difference between a gully and a canyon? Will 
the area in Figure I ever be a canyon? If you would like 
to know more about this, do the next resource. 



3 3 Gullies and Canyons 
A Comparison 

t 

Look at Figures 1 and 2. Al^ough the small gully in Figure 
2 doesn't look much like the Grand Canyon shown in Figure 
1, there is a lot of similarity in the way they were formed. 
This resource will help you understand the dilferences be- 
tween gullies and canyons. 



Figure 1 



Charax urniii s of ( ( luuiuwnsdcs of (iullics 



A i|iiu8tion bt) jh-hmI l,»f fifii.iii .:M..iu 

UiA usslOfl ^ .IM a iiully I-', c.iiu' A iMii.i-n ' ' 
Pfot)at)ly. nuiiiM r«Mtuii's tint *;Kifti»<l n*. <:.iiiri". 
In relatively i. «) »nai»Hi.il i <t -i vvum i i.r m 
tUKl UH canyc-n-; But itidM nf ituj woll K.!.»..vil 

ato.iH that havf i>io c' .uiu.toi r.iK s »w m 



1. I hc land being carved 
is Usually haul rock that 
is (luitc resistant and 
breaks uj\inio hH)se 
material very slowly. 

2. ( anyons usually form in 
a relatively dry climate. 
I'his means that very little 
wateV runs into the canyon 
tVom the sides. 

3. The stream doing the 
carving of canyons usually 
v>riginales in a much 
higher area. 

•* 

4. Because the stream 
comes rrv)m a higher source, 
it moves through a canyon 
very rapidly, 

5. The fast-moving stream 
in a canyon carries a large 
load of rocks. I hese rocks 

(help tv) cause further 
^ 'erosion. 




L Loose materials from 
the siiies ol gullies wash 
easilx mil) the stieaiu at 
the base of a gully. 

2. Kamfall is common 
where gullies fv>rni. 

3. Runoff water from the 
surrounding land tumbles 
o\x\ the sides ol ilic main 
gully and lv)rms many 
branches. 

4. Water Hows ilHi)ugh a 
gully at varying rates. 
The gully deepens nu)st 
rapidly where the slope 
is steepest. 

5. The load carried by the 
streams in gullies si)me- 
timers moves rapidly* but 
the particles arc usually 
rather small. 



..v.V-, 
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Taken as a whole, the characteristics of canyons tend to 
result in steep,, almost vertical walls, while those of gullies 
produce gentle slopes. This is the most important dittercncc 
between guUies and canyons. 



^ 7.1 



[ 
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36 Action of Water 
Moving in a 
Curved Path 



Mi>Nt Of ihc iXlicr rcsouacs deal with water llowing m a 
Miai-hi line, lii iiaiuic, however, nu)st rivers move (hroui>li 
quite a luunber of curves. Does anything special happeitV) 
water Huh moves m a cunxd path? If so, does this produce 
any impi)rtant etlects at points like river bends? These are 
questions you will tackle in this resource, lb answer them, 
you and a partne^ need these materials: 
r' 

1 Ci)mplcte st(eam-tablc setup 
1 p:ipcr disk, (v cm in diameter.' 
1 teaspoon white .sand 
1 beaker 

I list, -et some water moving in a curved path and lool?at 
It. 



I • ^l/Jl'Mi N I MM 

1 iMIIInf].' • in -I 

I r-ij.Mi (> , -.1 ,,, . .,. ;, , 

I I' -.ii-llUOII v. .|:« 

1 |Mii»n ui vvtJ«.' i{ II ,!iri« i 

t-l'HMOM 1.1 :i,....v|..,.,l. . I ^,^1^,^ 

ii.ivi'li^ui 'n .1 I III v .1 (i.iii, ii.o ,.M,Mon ond 
iltMur.il.un ni.il 'fMl |,, mu".l..;.ito tho 

p.: h ()f the nv.-l .r. il (V «.t„ mufldllig 

! VVal' I ti.lv. -iiiKi Hi ;\ I Ml.', -J |>,,ih will de- 
p«»- «l iiMliMi.iI in ,.| II,,- , v„vo. 

VV.ilor ti.iVM-lm.j III ;i (MIM will ofOde 

riMi. rl.il fiof.i Ih.' «>!,! ;i,;.- ..f ih»' cfvii 

ilu! r«iii».M> ul .\ i iijvuMi •.iM'.iin (Jian<j09 

t i f|itlM(j.i!.V 

•I A iivtM f .M . ., . y ,H,i. h v.,''.-j 'linn Itsolf 
:» I III' wM.lii.) .( ., .1,,, (I...' iiul.iO o;in 
'• Jill III I. .1,1-, Imumi (At{ <iif t<, ii.riii oxbow 
l.iUi-. 

N'll.' thai tin- l,«\i».«-i t.lHMiM fio I.Hily to 
iUi .ijiln If) |h,> dr|>,r-i!|..i) of ':.UKl In thO 

Cf-ntor. A <j.lUun wim.i....- |/u cuuld he 




ACTIVITY 1. Place 1 teaspooii sand In a beaker three-fourths 
full of water. Stir the water until It swirls around In the beaker. 
Observe what happens to the sand. 
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You may liavc been suiprised to finii that the sand in the 
swiilinj^ water piled up in the center oT the beaker. Why did 
this happen? A simple experiment tan lielp you decide. 



ACTIVITY 2. Mark the paper disk as shown. Push a pencil 
through the center of the disk and, holding the pencil between 
your palms, spin the disk Slowly. Nptlce which letter moves 
fastest. 



The water moving around near the outside of the beaker 
dearly traveled a greater distance in the same time than did 
the water near the center. Described another way, the water 
near the edge traveled at a greater speed (ov velocity) than- 
did the water in the center. 

The! slower water moves, the more likely it is to drop 
whatek-r load it is carrying. .This fact is very nnpoYtant as 
water pioves in a curved path. The next activity will allow 
you to learn still more about this. 



ACTIVITY 3. Arrange the sand on the stream* table as shown. 
Be sure that the sand Is wet, piled deeply enough, and con- 
toured according to the sketch. ' 




ACTIVITY 4. Trace a path with your finger as shown. The path 
should be cut almost to the bottom of the sand (about 2 ' cm 
deep). Adjust the flow of water Into the (eservoir to about 5 
ml/sec. and allow the water to flow doirn the path for 20 
minutes. Then turn off the water, but leave the sand in place. 




Now lake a look at {-igure 1, which shows the Apalachiccila 
River in F-londa, and Figure 2, which shows a small stream 
in North Dakota. Notice that sand is deposited on the inner 
parts of each river bend, where the water moves slowest. On 
.the outer part of the curve, the water moves fast enough to 
keep the sand fr^om falling out. In fact, the water erodes the 
outer bank away as it rounds the corner. 



4 \ 



i 



■ * " n ' I . 
i-' » ' v.. I 

' ■ ■ 't V...! 



Figure 1 



Figure 2 




1, 



It !5 Oim of tti- (ifKlitit^-, of n.itutti th: 
8trai(jht nvOf ti»«i Ir. to miri tio !.ti i iilil. ctuil t 
Cmvlfig fJVHf Uuuvi ti>\:ufvr fV.otn in ortior f.»f 
the undoicuttiM., to pu»Cf -^i .iu>wi^. tf«-» 
river must «lthoi ir.ivt^ a i.urvti m it nr doviiliip 
a curve due to i« i.itivo s.)tii .i-;s Df har^K tiuu«* 

rinl or tliO (1ivt)ir;:>)n of tho 'ilri*.trti t»y an ut):.U. 

cle diopped m ii 



t'igurc 3 diai;raiiis what a livci docs to ihc outer bank 
ol* a river bend. Noliec that llic water, alona uiyih the ri>eks 



and sirtid it carries, is thrown against the ouicr hank. I his 
produces an undercutting of the bank and causes the rim 
of the bank to iwerhang nu>rc and more. I'mally the rim 
colhipscs, becoming part of the U>ad llUil^vill act on banks 
farther downstream. 




vmini 
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Figure 3. 




the stKam to sw.ng wulcr and vv.dcr. lh,.s is vvlAt hapnons 

nature unh raulv slow-,novi„g nvc.s. Hut ! „ ! 
I nn, pcrtods heavy ran., the.se sa.ne r.vers bee , J 
oodod a.,U the., rate of tlow .nereases. You ean dupUcat 

trca.n-tab e reservoir to !.•> ,„l/,cc. Notice what ellect th.s 
has upon the .iieanders in the stream bed 

I he b.g pouit shown by the activit.es you've ,ust done is 
hat a river can cut a valley nuich w.der'than .tsclf. It docs 
h^s by rneandenng slowly in its course. This action is st.n.- 
- mau/.cd m the series of sketches in Figure 4. 



■' '■' 1^ ■ ^'v.-. V,.. .-v I.,.,,,., Mi„.:(. wKloi 

' "" ' ,M,p..,....,i ,„u. m 

• " •■•'•••"■•V i .M, .|,.. . oimiiv r.l.Himits 

■'■ ■ oJ ....4. Kt 




A. River meanders within vaJIey walls. 



Figure 4 



B. Position of' river bed constantly changes. 




depositing them along the valley floor. 




Wide 



E. The valley, continues to widen as themeande? 
moves to the opposite side of the valley. 



F. Notice how much wider and shallower the 
valley has become because of the river carvlno 
away the valley wails, ^ 
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CLUSTER E 

MAJOR I'uiNTS 

1. A sano .lune forms whrtn a vv.iui hU).vs Uw 
^Vixind up ii vjtirjtle VOpo .inU iJiO|»s il i.i M Mdt>() 

slope on ih«t farther sjUo. 

2. Sand lUiruis movo m ttiu tJiroctio; ih.a tho 

.V Veget. tioii or olhur ot>:.racles t.irj kt.-vp 
dunes fr^jni moving. 



I 



<itd t- 



3/ Dunes on the Move 



l*ur.i'{):;i. lo cl«!v.-!un.i nii.dtii t. 
((ilM„ttu)ti ami iin)v(.i!ifi t 



■iiiii (Jiiiiti 



Behind many beaches and on inanv ishmd desert plains, 
there are great piles ul sand called cUoic^ St. Cieorge's Islaitd. 
ip the Gulf of Mexico, has many san<rdunes. One of these 
dunes is shown in Figure 1. You can see the Gulf in the 
distance, beyonxi the dune. 



f: v.fv. 



•4v 



Figure 1 

When .iMd Is deposited in layers fty wind, 
U *s callO'i dune beddirig, 
. i). Tho la -oring of sand In dur)8 beddincj can 
help to d( cide whether a sodrmentiuy rock Is 
wind*dap.)sitod or water-doposllad. md can 
also indjf He the direction of tho prevailing 
wincj thai romied the dune. 
148 
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Predict how the pattern of markings was produced on the 
face of .the d.une. You can check your prediction by finding 
a partner to help you with this activity. You will need: 

Cardboard box (size of shoe box), with one end removed 
Handful of sand , . 



■ 1 7-7 



i 



ACTIVITY 1. BuHd a sm^II sand dune near the open «fid of 
your box. Put your mouth level with the bottom of the box, 
and blow gently biit steadily. Move your head from side to 
side to distribute the wind eVenly across the pile of sand. 

Take turns with your partner until the sand pile moves about 
10 cm (4 in). j 



P'opoi iliiMi liu.ii.ilioii 




# 

□1. What happens to the sand on the side of the pile facing 
you? What happens on the other side? 

1 . - 




Wind direction 



Sand blows up r» 
. a gentle slope. /T; * 



J 

^ ^ ^ ^ — N — , Sand falls down 
J^;^. - ^ • - a steep slope 



Sheltered * 
area 



Dune moves 

forward. OBBhI^ 

« ,dSI^ Figure 2 



You have just simulated the action of tTie wind on beach 
or desert sand. In both places, the wind builds up piles of 
sand called dunes, as shown in Figure 2. Dunes ca'h b^ moved 
considerable distances each .year unless they encounter some 
obstacle that slows or stops their progress, as in Figure 3. 

' 178 
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□2. Wh*il d^'cnt is preveiuiiig ihe movemcni ol' the sand 

4 ^ - . ' ' (June ia f'lj^urc 3? 

stuue'nts coui Jstmuiato obstacles by pushijhj ^ .:ln iht si'nuilation cxpcrinicni you earned out you ob- 

proiocimg sm.ii ub,ects (pencHsrrocH.) into s6rv^d tbc sund grams rolling down the far side of (he dune. 

^ ^ ' iinagirfe S period of weaiher with little wind, followed by 

. ^ P*'^?^y^^h strong wind, followed by another ealm period. 

. * - r etc. Tben look .carefully at Fi||ire 4, a closc-upvof the dune' 

" you fixamincd in Figure 3. • ^ 
j Figure 4" 
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LJ3. What do you sec at X, and whl»t caused this Icatiia-'.' 

LV]4. In what way docs the X feature diller lVi>in the stiucluic 
.sand deposit formed in water? (I lint: Don't guess— think 
about the simulation experuneni resuhs and look hack to 
Resource 7.) ^ - < 

Bedding ^f thts kind is called dune bedding and is one way 
of deciding whether a sedimentary rock is wind-deposited 
or water-deposited. 



iof\i(Sf luyofti (U(jlo:>:. tlic-y havo innu\ tilUui) 
Winci dupoMloJ wiKi IS IuudU Ml tiilmJ. t:uiv- 
ing layers. 

AfiOther cotjservaiioo tlem iionit? vuij^tatiod. 
.such as bua ualb on tho FlofJda coast, are 
fHOtoctpd by law b<jcau*.r> tlu; plants have the 
iil)ility to grow in boach sand and keep it fiorn 
moving, thus rnajntauiing thu dufies along the 
beach. 




Figure 5A 



ns. WRich figure (5A \)r 5Bj rcf^resents dune bedding? 
What was the direction of the prevailing wind? ' ' 

In this resource, you hav« looked at wind transport \)f 
sand. Sand grains are blown along near the ground^ and in 
the process becxMiie anguhi^'and sharp. THcy move up the 
face of danes and fall down the other side. In this way^ a 
dune may move long distances over a period of years. A new 
dune starts behind it, and soon a parallel set. of dunes is 
marching across a landscape. Dunes bury objects in their 
path and may kill vegetation. If the vegetation can grow thick 
and tall ^nough not to be buried, it may eventually hold the' 
sand anfl stop it from moving. 



Figure 5B 
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The Shorelands 

CHAP » I H EMf^HASUi 

The intt faclior^ of ocean waves anvl tho contl- 
nofUal iTMfgini; pcocUices ft?aturos that are 
ctai>d»itt-o fts shof etamls Vai tables suoU a» tt»« . 
energy 1 1 av«s. direction of wave movement, 
type ot coastline, ar^d tidal changes have an 
Influent"^' >n the rebuHnu; bhor eland 

If youVc never tasted a peaeh, you can hardly imagine its 
flavor. Fortunately, the same problem doesn*t exist with land 
features. The student who lives in an interior state like Iowa 
may still have a good idea of what the shorelands of the 
United States are like.even though he has never, Visited them. 
In fact, he may hwe an even better idea than a resident 
of a coastal region. The latti^r n^y sometimes think that all 
coastlines are like his own, forgetting how varied are the 
lands that border our major lakes» the Gulf of Mexico, and 
the Pacific and Atlantic oceans. The geologic features of the 
shorelands are diflerent in different regions. 
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4-1. The absence of the cottage In Figure 4-4 
is a good Indication that a hurricane passed 
through, causing a rapid change. 

4-2 Yes. the s.i.)d and the cottage were 
probably removod by wave action. The trees 
appear .undamaged, so it Is likely that the 
wave action rather than the wind removed the 
cottage during the storm. 



Stud) I'i}>urc 4-1 carclull\. Wni should be able lo sec 
many of the lealuies of the shoi elands seeior tlial you liisl 
noted in l-igure 1-4. Why is this eoastline narrow and roeky 
in some plaees and wide and sandy in olhers',^ Why are some 
waves almost straight and olheis euived. and why i\o the) 
break where they do? How did the eoasthne get to be the 
way it is» and what will it look like in the liitiire? . 

'ihcse are nut easy questions to answer. As yoi^vork 
through this ehapter, you should lind that you can explain 
hi)w each feature of the shurelands was formed. And you 
may even predict what may happen to it in the future. 

The force ol waves 

Any surfer who has "wiped out" knoWs about the tremen- 
dous force of just a single wave. Chances arc that he can*l 
.see how this same force changes the land. Over a period of 
time, however, he would be able to see the imjx>riant 
changes. -Look ai the following sequence of photographs 
carefully. Then answer questions 4-1 and 4-2. 

□4-1. \Vhich occurred more rapidly^the change from iMg- 
urc 4-2 lo 4-3 or the change Irom Figure 4-3- lo 4-4? 

□ 4-2. Did the same forces yf erosion thut brought nboxM 
the change seen in l igure 4-3 cause the change seeir in 
Figure 4-4? Fxplain. 



Figure 4-2 
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Figure 4-3 



of iJtivllUJ »-Uu : :<?ly U\ \\\ v\«|{< 
!.hi>f<) it thf. llMjIl \v.H»»( O'.iUiiS ^Uljjkl 
» 'lun.j tiii)h tnU*. a (JSo 



. 1 .1 .iiuf Is tMitt 
'» v./yaf(j tliu 
flta- 

nmujsly wftli .III iiu » MUM.] tiii)h tnU*. a (JSo of 

1J> font l>r ii» t [\\ WUi J.iM !f\t ' ^..iM l.K'1'.lif 

This cjfoat iUi ftMbO UDxilii ^.^vt^ jfiundated 
ttu? cot!acjt\ iMi<nrifnififrn| the foundation and 
battcniuj tlitv^-f iictuu) witli jili)iMt waves of 
jiuat lofcu l^l.^ov^. (K»x>!,. and k>W\ki\ struc- 
tufos t(/fl(l I o.iid <Mr»ily havu wittibtood tho 
forco of th«; \\\'Ak\ aloMO could hi? wipf^d out 
quickly by ti r fKiundifU) of tfiu watoi As Stu- 
dents wofK tl^^ou{j^^ tlu- cfuiptt^r. thoy v^ill 
study tho t*ffei.t of a cfi<ingo in soa level on 
erosion (Cluit'-r B) an(f also st;(? that t^e 
(jrt.Mtost efK?ct o1 a v/<ivi» occurs in a narrow 
Oand jutit above sea It^vul (Cluster A) 

Figure 4-4 



Were, you able to guess what h^pened? 
Those pietures in^'Figures 4-2» 4-3^ and 4-4Avere taken over 

a jy\;i?>d of several years. The la^Jt pieture-w^is taken* shortly 
. after Hurricane Betsy kil. (If the owner of the beach cottage^ 

hadf-read this chapter before he built the cottaga, he might 

Ijave choseq a different location! Perhaps you will sec Why 
.as you continue, reading.) „ * 



Waves against the titech 



Most changes along the seashore are^ot as apparent ;fs 
"those jiUst shown, however. When you gO to the beach, you 




CHAPT5R 4 ^1551 



V 
'in 



184 



soo the ivsulLs of Hums dillcvut p.ocossos. 1 ouk at Uic two 
Dcaclics .shown in l-igurcs 4-5 and 4-6. 



I i^iuuc 4-S sho^s a bcacli in Moiuia along ihc (iulUol 
Mexico. I'igurc 4-6 sliows a Maine bcacli on fhc Atlantic 
C\)^just. Notice some of the big dill'erenLOjn these beaches. 
One is sandy with a gradual slope, whereas tlie other is ;ocky 
wiih a siec^ drop-otl'. During the winter, t!ic rt>cky beach 
is battered by waves 10 to 15 feet in height, whereas the 
sandy beach seldom has waveii more than 4 or 5 I'eet high. 
If you were to dig down through the sand, you would tind 
that the sand layer is very thick. If you tried to dig under 
the rock beach, you*d probably bend your shovel! 

Kjnetie energy fronijwinds and storms far out at sea is 
transferred to the water to produce waves. The titergy is 
carried toward this coast by waves. The waves release Ih^v 
energy when they reach shallow^ water and break. Linergy 
can be carried to Iht shore like this wherever there is a big 
expanse of water subject k> winds and storms. * 

You can investigate how this energy can affect beaches by 
simuliition experiments that use the stream tables. Work with 
at least one partner for this activity. 



v)i" o( lh<! ii:<»M (iitficiill ro'K •->' ♦tdCh.'iits 
i:. tiKf (.h/uU)«? Aitn twi.*' ihc f.n^Ky btM< h III 
f iijurti 4.6 t oui.l tuu'ofMf .1 r andy htMch ay 
HI I ujKUii .} I) With thtj p.i-.!.iiKj of sunicuMit 
tnuo. prtJh.jps I. iHiSiitul>» (»I y«Mts Thti rut Ks 
iiMiUl (jf »ul(;.iriv bu tjrounU r.rnaMor «tnd 
Snuillef, until llu'v tuk'otim i;t?«irh .mj Ihi»n 
ag<nii. if \\ui w.uus w«-:o j.trtxui ftuuujh. »^ 
in A<:ti>/ily 4 J. thti s-iiuJ tti«it w.ts hjf rmjil k oxM 
bii carhtjU "it d«-<;pui wator. kMviiii) unly the 
luuioilviny rocks 



r. 



Piece of wood 
(wave generator) 




Clamp - 
closed 



ACTIVITY 4-1. Pile the mixture of sand and slit at one end 
of the stream table make a sipping surface. Use a block 
^0 tilt the table. Then fiU with water until the bottom edge of 
the sand is covered to a depth of about 3 cm. Put a few small 
^pieces of gravel near the water's edge and cover thehi with 
sand* Note the rei^ationship between the sand^silt mixture and 
the water line. 
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Note ihe constr unt to keop tho btruam table 
unaltered- In ttvtty 4-2 in proparation for 
Activity 4.3 Tht st) two activities are sequtjft 
tlal. and students should be sure to fiavo 
sufficient time to complete both of them m a 
single session .n order to^ee tho two w.jy 
transport of the «and--seaward with strong 
waves, landward. with gentle waves 



ACTIVITY 4-2. Produce storm waves by pressing down firmly 
on a piece of wood with tho palm of your hand, as shown 
once every 3 seconds. Keep this up for about 5 minutes and 
carefully obsefve the sand-sllt mixture. Then let the water 
settle for a few minutes. (Keep the stream table set up and 
do not alter the sand.) 



Wave 
troughs 



Push 
down 





Figure 4-7 



•During storms, high-energy waves jeadi the shoreline The 
action ot these waves on the beach h siniHar to the elleet 
in your stream-table model. The etleei should look some- 
ihmg like what is shown in I^'igure 4-7. 



- -^'P^ach with 



rocks'exposed \ 

Region of 

wave break 



Wave 
crests 




Bench of sand 
builds up./sx 



Thin layer of flme sediment 
" <i6posits in deep water 
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I hf Mrona waves a.ucl the be.-,cl,. ThilXin.. ihc - u, I „„ 

«.aur,_„.here, ,n eal.ne, wca.he, ,hej, siowi, drop u, .„[■ 

Some shoreline, thai are.expo.sed ro high-energy wave.v all 

en r^'T,""' "'"^ --,h pebbles a 

on such shorcji. 



, • • - ' •• • • .1 ;v.V 



e tHof 01 ;h , 



dof.noa .is .1 s/yp,„y sfioto of oody of water' 



sheam tebillh,? """S the same 

stream table that was exposed to hlgh^nergy wa,es. Leave 
..erything as It was. This time, however, push very gontiy Z 

reach Lt"""^ """"""" "'«•■' «>« waves 



Beach 



Push 
gently. 




s i uon . to continue; with the g.vU/o wut 
activity can bo .nteresting.ano instruct.vP 



S^h.T^^'' '"'f- '^^-^"^'^gy ^^vaves have on the 

bea.h? How .s this difrcront from the high-energy .term 
waves crashing into the beach? . fcy-=^i"'"^ 

This -time you should ^lave observed the slow building up 

to keep th^ gentle, waves going for a long time, you misht 
have covered Up ^ gravel exposed during the sLm The 
waves will gradualf shift the sand back frol the unde wa^ ' 
beneh onto Ihc beach. "'•■waier 

• I'f Z?"'"*^' P'"^^"'^^ in Figures 4-2 4-3 

and 4-4 sho* what caff happen to a beach when high-^erev 
waves attack .t. Storms .ncrease the energy reaching S 

■•/(^ • . • ... l88 : 
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shoTC and help to erode beaches. (Jood weaiher reduces ilic 
energy level, and beaches will build up again. This cycle ol" 
change is always going on wherever the land meets a large ' 
body of water and where the shoreline is suitable lor beaches 
to develop. 

Waves against a steep shoreline 

Ocean waves can do a great deal of work to shape and 
change coastlines and beaches. Vou have just experimented 
with the etlect of waves oji a relatively low-lying shoreline. 
Figure 4-8 shows waves approaching a rocky coastline with 
steep clilfs. 



Cluster A (Respurces 38-41) 



Figure 4-8' 



■lltXl^tlMidrV'^ ^^^^ ^^^^^^'^ ^^^^^ ^^v6 on a coasUine like the 

, V 9"^ showp in Figure 4-8? 



( 



Figure 4-9 



When waves erack agliinsi a steep shoreline instead of on 
a fairly wide and Hat beach, the eilects on the landscape are 
i|iii;o dilVej^nt. I"igure^4-9 shows some features of a typical 
i\Kk\ c<.>ast. « ^ • 

The figure shows an outcrop whh two sea caves. Look'- 
carcftilly near the top of the. caves and you should be aWe 
to see evidenc.c of the high-tide line. (Hint: Look for a col^jj^ 
(ihangc.) 

The top of the cave is; just above high-tide level. Outside* 
the cave, the beach is steep and curves back away from the 
rock outcropi)ing iq which the cave is located. 

□4-5. Based on your study of waves and their cHcct on steep 
shorelines, what factors do you think alfect the rate a^ which 
the cave in Figure 4-9 is carved out ol^.¥Ock? 

Ocean waves— a better look 

If you look at Figure- 4-10, you will ^ec a series of waves 
approaching a beach. As the ^es get closer to shore, they 
"break" and spread onto the beach. * ^\ ^ 

. " .'loo 



4-5. FaclofH flight jncludc the energy level ot 
the waves, iho lar^ge of the tidal cycles, the . 
seasonal (Itf'cren'^e' in wiivos, and the hard- 
ness ot the lock. %* ' . 



...I 
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Figure 4-10 



The modeling »»f breaking waves is not possi- 
ble in the stret;ft» table Several factors pres- 
ent on an acUial coastin^u. such wave 
length (distant i- ffom crost to crest), wave 
height, and nature of the hottom. are hard to 
.duplicate. Mis 'U] too is ttie wnid. which has 
an effect. Stud- ir , have to accept the model 
of wave actio > and brctiking presented in 
Resource 39 w thout an activity to support it. 



ClubicM A (Rt;»sources 38-41) 




Curving of waves as they enter a bay may be 
due to both dntr.jction and refraction of the 
waves. As straight wayes hit the two outer 
points of the bay. the wave fronts are curved, 
as in Resourcu 40. in passing between t^o 
Obstacles in their path. Then as they enter the" 
bay they are curved even more by the bending 
or refraction, as the edges reach shallow 
water before the middle of the wives do. as 
shown In Resources 4€ and 41* 

Figure 4-11 
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□4-6. Why do the waves break as tliey get closer la shore? 

. You should 'have found that the ocean wave breaks be- 
cause the sea bottom, whicff slopes upward as you approach 
the shore, interferes with the circuhir motion of the wave. 

Look back again at Figure 4-10. I'he waves approaching 
the shore that you sec in the pliotograph are entering a bay. 
On closer inspection, you- see that the Wdv^ front within tJic 
bay takes on a curved path. Figure 4- 1^ shows tl^ curved 
fronts approaching the. slxore. 



Straight 
wave front 



Curved path 
of.waVfes 





l-anhcr oui to ^ca. ihc \»..ive tuyiu arc not cuucd. but 
Arc ••-ju-£5i»_ . • 



r 14-7. I-ind out why the waves bend as they enter the bay. 
as shi)\vh in li^mc 4-11. Also, what do you prediet wou4d 
happen to straight waves approaching a shoreline, as shown 
in I-igiue 4-12? Make a sketch and pencil in your prediction. 
What would happen 'to waves approaching a shorehne at an 
angle, as shown ui I'igurc 4-13? Make a'skcich and pencil 
in your prediction. 



■ Sandy 
beach 



:jbtt<^.-.->.a.:^;ut:.Uv.>;-,j 



Waves V 




..•.i>i>.-. 



Wav^.nioving in glirection of arrow 



lu'..l«-i Ad. 



:'Ii«UjI(J .v it'i- w.ivt-. i:utvit:j] .i:, |lu»y pajVo f 
\\\o o; Ku* b.iy ii hlioulU :.hi)w that 

;..uuJ w.ii !u? rnovud towfjtd lUk; ^>oc^H.•t beach 

Mitj sui unU :.K«'K*h t .^ffcd li>f if) i;iK«stiU») 4-7 
sIuhAi sh.iw p.n.illi'l w.Jve ci tjsts <if>p(o.ichmg ' 
hh' l)O.K.h at ,111 ,u\\\hi It J.»i0jil<l !.lu)w the 
t>oiidiiM thi» wavfs l)y fctf.uMion. and t»!o 
niov(Mm;nt tlu? bejr^h s.wij'by lonqsho/e 
clnlt 



Figure 4-12 





, Another ocean motign' 

■ ^Figure 4- 14 showsjtwo pbotographs of the same ship, docke^ 
at the same pier, at two diflerpnt iime 



^HAPTE8 4 .t63 „ 




you can sec, the level ol* the water has changed drastically 
Ironi one picture to the other. 



Cluster B~(Resource8 42-44) 




Figure 4-14 



1^ MM I lk 1:4:1:^ 
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□4-8. Why does the level of the sea change and what effect 
does a tidal change have on a coastline like that shown iif 
Figure 4-14? 

interpreting a seacoast 

The combined effect of ocean waves and tidal changes 
produces a great variety of seacoast landscapes. A shore of 
hard, resistant. igneous rock will develop a different seacoast 
appearance than a shore of .soft sedimentary rock. Seacoasts ' 
that are subjected to many storms will be jroded more rap- 
idly than those with few storms. , 

When a geologist tries to interpret, a landscape, hfe looks 
for evidence of the changes that have .been taking place. He 
tries to figure out what caused them, just as you've been 
doing. Figure' 4-15 contains evidence of a change that/took 
thousands of years to happen. Can yofi spot the' evidence? 
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□4-9. Interpret (describe and explain) how you think this 
coastlme got to be the way it is. Here are some clues to help 
you. Notice the rocky outcroppings in the foreground Do 
they resemble the results of erosion youVc been studying-^" 
What about tl^e flat, gently sloping area in the center of the 
picTure? What area of Figure 4-15 does it resemble? Examine 
higure 4-16, an artist's sketch of the same area. 



Figure 4-15 



4-9. SluOi-iiCi r-HOiJKj l,<! .IblO to Sf*; tlUlt the 

flat . -oa IS .„. oM w.iv*.- cut ik-ik I). l\i. forn the 
St^.i ;..'v. l ,!,,.,,,„M (or in.," Uuyl vv.i:; wplilied) 
tho w.n.-. . ...xh cl \nc stiort'lm.- t-. forr.i the 
old MM cl.il-. .i,-,u f.l.i. k- f:,Ki ;t...- il.ii Dc-nch' 
in thi: tfio |i..m»(i. At nr ui.jsont level iho sod 
i:-, oro.luu, 1.. w ciilL. ton;, .luj another 
(■'.•t!ch 



figure 4-16 



Figure 4-1 7 

Delta formation was studied in Chapter 3, but ■ 
• this is obviously an"^rea where mountaims. 
midlands, and seashores interact. 



Figure 4-18 



Figure 4-17 shows a view of a coastal feature ^h'at you may 
never have seen from this angle before. This is aq aerial shdi 
of a delta. If you were to see it from ground level, you would 
m be able to describe its shape unless you walked around 
the edges as well as across it. Figure 4-18 sh(^ws a diagram 
of thfe same region. 
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Coastline 



planli on a obviously started growing after the .sediments 
began to accumulate, Sotne of the larger tre«'are more th 
a hundred years old. Nofee that in the'right .side of he p,. 

a4-ia Where did the sand and silt that formed this delta 
come frotn attd how have the ocean fdes, currents, and wa e 
action helped shape (he delta? 

■ Ocean currents and wave action are at work alone all 
9oasu^Sometimes the currents flow parallel to the sh^'a^d 
at other limes they curve in or out. Usually they go in o"e 
general direction for months and months. Only oc^asiona v 
do they change speed or direction. Waves, on the oAerhani 
usually approach the shore at an angle hat etoges it "hj 
wind changes. (SomeUmes the wind blows out to sel'T 



•4-10 Most Of tho s.i,)(J and r.iit was corned 
down l>y ,h.. nvor (Hosoufce 32. Chapter 3) 

^But tho wavt! action and currents carry sedi- 
ment Th... load broufjht by tho stream can be 
ranspoited m, d,ffe:ont directions according 
to this ..ctKvi of th., waves and cunents The 
M-(iim.-M i:. d. positod when the kinetic eneruy 
tails billow .1 certain level. 



A spit Is a <:ijfvt*d dtjpi sil of s;»n(J connOctmJ 
to Ihe land 



Cluster C vHi^souices 45-4/) 



4-11. Waves, stfiki'ig ttio coast at an aiujie 
otner than suaight. s.h.ft sand along the 
beach. Lon.j-.'iore cuMonls also catry th<3 
flana along. When the coastline changes di- 
rection to iiMko a headland, waves are re- 
fracted (bont) arqund the headland and los<> 
enough eneigy to deposit sand, which builds 
Into a spit. 

Figure 4-20 



I he sptt shown in Figure 4-19 has built up where the 
ocean currents and the wave action are working together for 
at least part of the year to deposit sand at the mouth of the 
river. Both the river and the oc^an carry sediments. 

□4-11. How are wave direction and ocean currents involved 
m the shaping of the spit shown in Figure 4-19? 

Some rivers do not form deltas or spits where they empty 
into the sea. Rivers like the Columbia, the Delaware, The 
St^ John, the St. Lawrence, and the ones that empty'into 
Chesapeake Bay have deepwater channels (called tidal estu- 
aries or fiords, depending on where they were formed) These 
channel^ may exten* for many miles from the sea inland 




Figure 4-21 
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The ha:bors shown in t-^igurcs 4-20 and 4-21 arc examples 
of each type. Figure 4-20 is the fiord type, and i-igurc -4-2 1 
la the tidal type. ^ 

ScienUsts have puzjled over how these harbors were 
formed, but they have located some pieces of the puzzle 
For one thing, the fiord type of deepwater. channel is found 
in mountainous regions where there is much evidence of 
glaciauon. The wide, flat channel bottom of the fiord-type 
harbor is typical of valleys carved by glaciers. Using depth 
soundings and aerial photography, scientists have .discovered 
.aiat.th^oi^-V.shape.d harbors rcv^^^ valley pattern 

and shape TTie great continental glaciers that used to cover 
most of North America and Europe were melUng and their 
TveLp^g'"'^'''^ '"''^ "^^'^^ these harbors were 

□4.12. Using this evidence, describe a model to account for 
me formauon of the deep harbors shown in Figures 4-20 and 




Cluster C (Hosource > At 



Summary ' 

YouVe seen that many different forces are involved in the 
shaping of the shorelahds. If youVe used your resources 
successfully, you should be able to interpret the features of 

the futjire. The stretch of shoreline, shown in Figure 4-22 has" 
rnany/of these. features. How well can you interpret this 
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Figure 4-22 



If you are located near a seashore, a field trip 
could be of trotnendous value at this point. 
. Students should be able to identify at least 
^6on^e of the features the^h^ve studied. 



You.<£n see that interpreting most of the landscapes of' 
shorelands is not hard when you know the forces involved. 
Look over Figure 4-23. You will recognize this drawing as 
part of Figure 1-4 from Chapter 1. Can you identify the 
features of the shcfrelands and descMbe how they were 
formed? If you can, you should be able to visit a beach or 
lake near you and understand many of the processes that 
made them look the way they do today. 



Figure 4-23 




♦ • 



Before going on, do Self-Evaiuation 4 in your Record Boole. 
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38 Wave Action on 



CluMOr A i.M,M^,tb of fU-JSouiix-s M\ through 
41 !t IS c «»niu-f!Hnl with wavos .i»uj beaches. 



PURPOSE: To study the actipn of waves on 
a focky clift. 



Rocky Cliffs 1 complete stif;m\ table 

1 sana-and-pla- '.er block 
1 pifjce ot wootl 
Hiiiidful ot griivel 

When water cfa^hes into rock, which is stronger, the water 
or the rock? Obviously, i^ock is stronger because it. hardly 
changes, while the water is sent tlying in all directions. Yet,* 
over. a long period of time, water t^n destroy clifls, too. To 
simulate the process, get a notched block made of sand and 
plaster of pari.s, some mixed sand and silt, and a piece of 
wood, and set up a stream table as shown below. Also, scatter 
some, gravel on the si^nd. • 



Notched 
block 



CLUSTER A 

* (Resources 38-41) 




MAJOR POINTS 

1 ihe "e. v^:>.vt: effects of waveb on a cliff 
occur JH a rKiriow t)ar>U jut>l atX)ve se<& l^vel 
I'. When a cr.icK develops m the ciiff, the 
coriiprossivc force of air driven l>y tne waves 
win fund to fV-a^ft it bujvjOr. 
3 Frngmnnts nroKen froYn the cfiff will cause 
further oru-.;;on when drivdh by vvavoti. 
-V UndercuitifK) ot the ciitf can cauie arches, 
cavos. and pi:inacl«*s to form. . . 
5. Matfrrioi r^-aioved from the cliff mayMorm 
an undorwaic! beqch. or a Deach 

^ ^ 

Figure 1 . 



Sand and silt 



ACTIVITY 1- Fill the streiini table with water so that the middle 
notch In the block is Jus^t water level. Now generate waves 
by pushing the piece of wood up and down every 5 seconds, 
so that the waves hit the face with the three notches. Kfeep 
the waves going for 5 to 10 minutes, carefully observing the 
face of the block to see which notch Is most affected by the 
wave action. ' « 



Construction of the block out pf sand and 
plaster is doscnbed in tha front section of this 
^^^cher's Edition m the section entitled 
"Preparation of Equipm^ntf" 

1 

IVIidflle ^ 
^ notch^ 



students fnay v^onUdr why tuo e(t>'^.v»? f?i'« -w. 
otthe W4IV1BS IS ntost pfoniMirU 'Hi u\ tho \ 
Just al>ov#t><ia i \>t\ af.swuf it turtj t«i ::iu 
kinetio- on«ryy ..j wavos .wui to thn fd< t »'u<t 
greatest foiwda: (towdfO t ■ »u s^med i-' 
water in the w.ivo m at the ii'p. or tat si uf 
the wav^ Ke^cv.rco 39 is cor?i;i^f ru»d with this 
characteristic of >vaves. aod st.ulonts couKl 
be pointed toward this resouico next 



From these simulauon t*xpcrinicnts, you should have 
found out that the erosive etlects of the waves occur in a 
narrow band just above sea level. At this level, they would 
produce undercutting on a cliff face. Softer rocks are more 
rapidly eroded than harder ones, and tracks allow the ero- 
sion to proceed faster. If you could see the waves acting 
against a cliff face over a' period of time, you would note 
that the face keeps moving back, and a wave-cut bench is 
left. 



Figure 2 



Figure 3 
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Let's examine the effect of cracks at sea level a little fur- 
ther. Figure 2 shows a crack at sea level. What does the space 
in the crack cfontain when there is no water washing into 
it\. V, 




^yvatar pushing -^mi^-fij'' :■ 



What happens at X in^^Figure 3 when a big wave washes 
into the crack, and what effect would this have on the cratk? 
Imagine this^process continuing in the same crack for hun- 



nation onh " "f^"" -^"A'cn a,m- 

pics^ion ol the air when iho water drives into ihe crack wi I 
he P .0 make .he crack bigger and longer " 
in your experinient. you may have seen l.iile broken pieces 
"t P aster tumbling down. These represent pebb"es an, 

ot the pis ""^ have on the cliff and 

mrsea. thetinetic energy of waves docs work The cliH aeil 
Th" ."^r'"";," °' "'^ ^^'•■"^ -v<=s develop 

:r^rrnd^^-rs:r""^^-^-'-'^--'« 

benches or as beaches and sandbars 

tak.Tnl'^h' ""T,' has settled down 

^ke another good look at the model you have produced" 
You should find that the coarser sediment his for^d a 

b de "it"l„° r;"''""''- material Should 

oe deposited in the deeper -otrshore^^ water. 



Pac an: . . 

fitis nnt r., 
IMis, ami 



■? -'if .'1. 



Cliff face 
Wave-cut notch 



Bench of coarse^ 
material 



Sea 
level 




^ Dejbositof 
fine silt 



L 



Bottom of 
stream table 



MAJOR poivrs 

2. A< 14« Cr«»f ol ttMT tMUM the |rtir^cl«i 

|W>v< upan(^<ADMr\ as .mhms pots by. 
VW»\«n tnt W«r gels sfttlW «no«ieih io 
slop ihe rotah-rtg, Iht >mavc brtab, and -th« 
O^gul«-n«*ion<sch«n5««ih>«l^^ nation 
0tlh«wai«rparWcUs. 

<Kimd <tf it picks i4> aona. ' 



\39 Kinetic Energy 
and Waves 

f\iRPOSE:ibsH4cVlHemoten<#Vhr¥aier None 

Have you ever been surfing or watched surfing at the movies 
or on television? A surfer on a board out beyond the break- 
ing waves just bobs up and down in almost the same spbt, 
while a surfer in the breaking wave is pushed toward the 
shore, like the two people itt Figure L 






,Ftgur*1 

. , ^ ' in Figure 1 have gained kinetic enerey as thcv 

^ « ^^fer, be% the 

ilKe. #*re. -^^wi breaking wave have the same kinetic energy? 

. W^at th* waves to break when they reach shallow 
water? < . > r 

^ One model of wave action states that water particles m 

--^ J*!*^ "PP^r layers are rotating because of wind action. At the 

'^^g^.Point of the wave (the crest), thc-parUcIes have jotated 
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up to their highest position. At the lowest point (the trough), 
the particles have routed back down to their lowest position. 
A ivafhr is lifted aivi lowered by this rotational motion but 
ilHaot carded to shore, as sifbwn in Figures 2 an<lh3. Although 
thtf energy obtained by the ^ve from the wind is carried 
forward by the wave, the particles of water rotate in H con- 
. fined area.' 



th> rotational mot Ion. L« 
slowoil by the friction wltli the 
bottom in wliallow water, the. crest 
of the wave starts to "le.jn" In th 
ulrectlon of wave raotlon because o 
inertia. Then the lean gets too 
great, the break occurs. A 
surfer starts riding the wave when 
it st^yfq to lean, and before itm- 



actually breaks. 



Wav« shap* moving in this direction 



AttpartlclM * Al(>partici«s 
movtng upwf rd at bottom of circia 



' Ailparticiaa 
moving downward 



Allpartlota« 
at lop ef olfda 

SwMr 

Craat 



\ 




{ 



■FIgur* 2 



If Hit water is deep, waves can travel without interference. 
1ftut imi^e what Hlippens When waves get close to . shore. 
What causes waves to br^ when they reach shallow wat^ 
When the water is shallow -enough to stop th; particles 
from rotating, .the wave breaks;' The circular en^gy of the 
waves -is^dianged to forward motion of water piartijcles, which 
rush up the sloping shore. The, breaking wave pushW floating 
objects ahead oFil and picks up tons of sand as it rushes 
toward the beach. Jk. 

This model of wave ^tion is oiie explanation S'.how wdter 
dose to shore gets enoiigh kinetic cQcrgy to form a breaking 
wave «nd thus ca^i pick up and carry sanH tdAhe shore. 



'■rni.E29 ITS' 



A t0w a0cond$ inter. 



Ail particles now 
at bottom of circle 



New position of crest 

All particles now 
at top of circle 



Surfer lowered 
(no forward motion) 




Figure 3 




176 



Figure 4 
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It the ocean is wide and a prcVailmg wind blows in one 
direction for most of the yeaf, as along the Pacific Coast 
waves continually roll shoreward. These waves (called swells) 
are usually large, reaching heights of 10. 15. and 20 feet 
Some coastlines face sheltered water (like the Ottif of 
Mexico)-and-here swells only develop after storms at sea 
The total cner^ supplied to thkt coastline each year is not 
so great as the energy ^applied to coasUines facing jhe Pacific 
or the Atlantic Ocean. 



40 Beaches and the 
Curving of Waves 




When you stand on a beach, do the waves always come at 
you head on, 90* to the beach waterline? Are all wattes 
formed the same way? Take a careful look at Figure 1 which 
shows an aerial view of a coastline, with waves washing past 
an offshore jetty. Notice the pattern formed by the waves 
You can understand this pattern and the effect it might 
have on a. shoreline by doing a stream-table activity. You 
will need a^jartner, one stream-table set, two plaster blocks 
and one wooden block. ^ 
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LOi;iP.\\ : .. I :.M 

2 pla:;ti'! . ,.k-; 
1 wuoo'.ti K:i;i".K 



WHPor.l irr. ■■•ig.ue ti.o curv.ng of 



MAJOR f^j.:jrs 

1. VViHi I'm- v.:nd Jiiowf)^ n.fjcufnr to the 
bo.ich c-.;kJ i,» oOr.!:jj< t/r.f,<3. tho wave crests 
apfvoarii : ■-■ cfl.tj.dHjf 'parailt:! (o.oach other 
aiy to th.' I v.f ■ 

obsK'H:!.' V ' r^t'.vfNVJ obstacJ. s. they curve 

3. »\tKii;..:i -.u . \h : bc.)ch at other 

than a nt^hi .m^io bv;nd bocauf.^.- ..: refraction. 

'>» 

PftM>.K.l!-. I. .1.' Inr p:;,*;|er t»lucKs 13 de- 

sciiltoii Mi fiont &<;CTion of tiii*; Teacher's 
edition ni i? i^ncUou ot.^itlod ' r fcparation of 
Equ<p'iu?;i: 



Figure 1 
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ACTIVITY 1. Set up the stream table with a'^loplng sand 
*>««ch at one end, with the water about 2 cm deep where It 
meets the beach. Generate waves by gently pushing the 
wooden block up and down rhythmically every 3 seconds. . 

m u«"«rat.r,fl parallel wwe-. t in.port.mt pattern producod by the waves and the effect of 

XhAX the wooden block l>t> loiuj cru>«ijh to 

the waves on the beach. 




ACTIVITY a. Now put two plaster blocks Into the water as * 
shown. The blocks should have a space of at least 4 cm 
between them and should appear above water level. 
^ Generate waves In the same way that you did in Activity 
1. Note the pattern this time and th^ effect on the shore. 




^ ' Where a prevailing wind is blowing toward land at right 

angles to a straight coastline, the wave pattern is like the 
one you found in your first simulation experiment. The crests 
*' approach the coastline parallel to each other and to the coast 
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Ahnost all energy is conccntrateU on ihc coa.st, causing steady 
erosion all along the .coast. Figure 2 shows the typical wave 
pattern for these conditions. 



) 



Parallel 
crests 




Figure 2 



Did you get a curved pattern when the waves passed 
through the gap in your second experiment? When parallel 
waves pass the edge of ^n obstacle, or between obstacles 
the crests curve. This is called dijfraction. Your second exper- 
iment should have produced a pattern like that in Figure 3 
Compare this with Figure 1. ' 



Direction o\ 
prevailing wind 



Tho and ot thi- txeakwater in Figuio 1 caused 
the wave cuvm:: to cuivo. If me breakwater 
had beon in :wo sections, wnn a o-ip ii. the 
middle, conipi.-toly curved crests would have 
formed, as m Pu^tire 3. 



Waves curved 
by diffraction 



Wave in contact with 
headland is slowed down. 



Parallel 
wave pattern 




Figure i 



Headland 



Where a coastline is neither straight nor at right angles 
to the prevailing wind, some parts of the wave line reach 
land bftfore others. The parts tht^ reach land first are slowed 
down, whereas the other pavtSj'bontinue at the same speed. 
The wave line bends, and thrs is called refraction. Predict 
what wave pattcrn'you would get with waves entering a wide, 
curved bay. 
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•tfaiHd on tho fu ads ot ^ i cii/vwd buy (ionilo 
wave action should au-. ■ siind gradually into 
tho pocKet t-tiach Beai. .»ui bay beach.-»« are 
fonnod Im ih.s way. O/:- cla^^sic exmrble is 
Martens Ooy of Saint iMomas in tho Vir..,n 
i;»lands. 



L'QUiPME.Ni LIST 

1 cymplote ti^ram tabte 
t wooden bi.'. '■ 

2 piaster bL»t iv*> 

PURPOSf: To invosltcjalM lofUJsfKMr drift, 
caused by v .03. and to s<*e wh.tt (an bo 
done to ri;*ta'd the .♦^hitting of Ihu ^and 

MAJOR PQlNiS 

. 1. As waves move tow.ird a beach nt other 
than light ar'',ios, thoy aio bont by rffr.'.ction. 

2 Sand shif;^rd along the boach is called 
longshore d^tt. 

3 An obstru. hon placed jt ngf^t angle:; to the 
beach can-r.iard longshore drift. 

4. iPifing up of sand by an dbslruction can 
change the shape of tho boach. 

Figure 1 



ACTIVITY 3, Pile your sand mixture at one end to make a ^ 
deeply curved, scooped-out bay. and generate more wavee. 

Scooped-out 




Did 70U predict correctly? Where ij. the most beach- 
formmg activity when waves are curved by refraction enter- 
ing a bay? This experiment should help you understand how 
wave refraction helps to form beaches at the heads of cum^d 
bays as wdl as pocket beaches between lit^adlands. 



41 Waves at an Angle 
and Movement 
of Sand 



t 

What happens to a coastline when the wave pattern reaches 
the shore at an angle most of the time? Imagine a consistent 
wave pattern approaching a beach coastline as shown in 
Figure I. 




180 



Predict wlial will hapjxn to the .sh.ipc of the wave pa item 
when the w|vcs reach the shore. Make a Uiagriim to illustrate 
your prediction. 

Now gei i partner, a complete stream-table setup, a piece 
of wood, an|l two plaster blocks. You ciHi conduct a siniula- 
tion cxperinlent to see if your prediction is correct and to 
observe the fceflcct of this type of wave action on a beach. 



ACTIVITY 1. 
stream table 



Pile the sand-slit mixture along one side of the 
and put water Into the table to a depth of about 



3 cm. Plai:e t [ie piece of wood you are using as a wave gener- 
ater at an apngl^, as shown* Push down on it every three 
seconds or io to produce a pattern of waves at an angle to 
the shore. V|fatch the wave pattern and the erosion effect 
carefully. 



Sand-slll 
mixture 



Wooden blocklfOf wave generator 
at an angle to aroduce oblique waves 



If stddnn*:, havft U.iMf HtJSOuU.ti 40 boU>fO 

(juttjtuj ti> t!ub unt. ih«y will be aofe to predict 
tMitt ifm wave ci«r,ts will bwnd as they near 
the short* t)0( Aiisn v)f retract.on You muy 
want to ftM<)» bi^duiUii lo this^other lasource. 




1 he anglt> at which the wave creslij approach 
the shore snould bo Kep; constant by holding 
the block at .1 fixbd angle. The longshore drift 
can bo acci»ntuatod by decreasing the slope 
of the f^trtMm table In fact, students might 
oxponmont with the idea of putting the table 
flat longitudinally and giving it just a nttle 
Slope laterally Ihls may require a bit more 
water in the table. 



Did you predict the wave pattern correctly? What hap- 
pened to the beath? 

In your simulation, the wave pattern curves into the beach; 
and the sand is shmed steadily along the shore in a process 
that is called longshore^ drift 

Because man usei beaches for recreation and builds homes 
on the seashore, he V)ften- builds structuies to reduce beach 
erosion* Let's see wlm). these structures do. 



^10 
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ACTIVITY 2. Get the plaster , blocks and set them at right 
angles to your simulated beach, one on top of ,the other. The 
topmost block must be above water. Make waves at an angle 
as you did before and observe what happens as the blocks 
obstruct the longshore drift. ^ 




Along the southeastern coast of FlomJi (tl.e 
"Gold Coast") the prevailing breezes nn? from 
the southeast, so waves hit the sand beaches 
at an angle as they do In those activities. 
Many structures, called groins, have been 
built perpendicular to the shoreline t.) halt 
longshore drift and maintain the beachos. 



The diagram in Figure 2 shows how the waves are bent 
(refracted) 0s they reach the shore area. As long as th^ waves 
follow this pattern, the sand builds up beside the obstruction. 
Boat ramps, sea walls, or jetties can interfere with longshore 
drifts of sand along a beach and in much the same way cause 
a change in the shape of the coast. A jetty at Panama City. 
Florida, is shoWn in ^Figure 3. 

Accumulation 



- y of Sand 






7 — ^ 1 
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Figure 2 



MAJOR POINTS 

1 . Tho actual .level of the sea changes all the 
time for many re^ons. 

2. A measurmg instrument callSd a tide 
gauge can be used for measuring (operation- 
ally deflnmg) and recording sea level. 

3. Mean sea level is the average value be- 



Flgure 3 

twedn high water and low water. 
4 Mean sea level differs at various places on 
the United States coast One place can nr. 
bitrarily chosen As tha^ero point for com^ 
panson. 



,o avtrrage vaius oe- 

42 Measuring Sea Level 

PURPOSE: To study the measurement of sea EQUIPMENT LIST 

level, and the meaning of the term. . ^one 

Many times io the chapters in Crusty Problems there are 
references to sea level. The elevation of mountains and places 
along river systems is related to sea level. Along the coast 
major landscape changes are related to sea level It is all 
very well to talk about sea level, but how can,it be measured*? 

If you have observed boats tied to a wharf, piles standing 
out of the water, or beaches and shore rocks over a period 
of days, weeks, or months, you will realize that sea level just - 
isn t level! Waves can cause a minute-to-minute change. 
Tides can cause a day-to-day, week-to-week, and month-to- 
month vanation. You even get a slightly different view of 
s,ea level if you are in a boat looking.^ the land. 



Cluster B consists of Resource;; 42 43 and 
44. It IS codcerMed with son l<!vel changes. 



\ 



CLUSTER B 

'(Resources 42-44) 




Figure 1 



This' may be one of the few examples' that 
stydents have seen of an automatic type of 
measuring Instrument. Actually, the measure- 
ment of sea level Is not nearly so difficult a 
task as the determination of mean sea level, 
which requires that measurements be made 
over a relatively iong period of time. 



Figure 2 



What can you do to get an operational definition for sm 
level when it is changing all the time? The nie^urcnicnl of 
sea level is no easy task. Usually ihc problem offnaking such 
a measurjment is solved by installing a meas|irii^g instru- 
ment called a tUle f^aidge at the end of a pier <hat stretches 
tar out into the sea* • 1: 



Cable 



0" 



Pen 



Opening 
to sea 



Rotating 
drum 




J Moving sheet 
I: of paper 



^ Wf^ight 



Float (moves up and down with tM§ tide) 



A tide gauge has a cylinder with a small opening that 
allows water to enter .and fill the cylinder to the levels 
reached by the tide. One common form, has a float in the 
cylinder. As the float moves up and^down with the tide, a 
cable turns a drum, and a pen draif a line on a moving 
sheet of* paper. 



Days 



r 
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Chart datum level 



2i3 



I he pch trace's out records like that on the chart shown 
in Figure 2. The graph, developed over a period of time, 
shows the highest level reached by the tide, the lowtfst level, 
and all levels between. • .' 

From continuous readings like these." pken over a Ipng 
time, a value for mean sea level can be calculated. Mean 
sea level is an average Value between high water and low- 
water. Which value, on this chart would be gbout the level 
of mean sea level? 

The United States Coast and Geodetic 'Survey dassities 
tid^ stations as primary, or first class, only if they have been 
in continuous operation for more than nineteeh years. There 
are about 40 places in the United States that are first-class 
stations. 

Charts from all these stations are uSed to calculate the 
mean sea level, to which all surveying measurements are ' 
related. ' — 

Careful measufemcrtt has shown that the sea level riot 
the same at alf places (see Figure 3). For example, if the 
sea level at St. Augustine, Florida, is taken «s zero, then the 
sea level at Portland, Mainejs^out 38 cm higher; at San 
Diego, California, it is about 58 cm higher; and on Ihe 
Oregon coast it is about 86 cm higher. 



Figure 2 is given only as an example of a chart 
:>howing xhu r.qa level - This, chart would differ 
for Just about every tiue station m \\\e world. 
Some stations located on the open Atlantic or 
Pacific Ocean (not m a bay. on the GUIf, etc.) 
would show two high and twc/low tides every 
24 hours and 51 minutes, but the respective 
high and low measurements v\^uuld be differ* 
ent In amount and m the time they occurred- 
for each of the stations. For stations located 
on the Gulf of Mexico and on bays and inlets. 
So many (Jjlforent factors affect the tides 
(there are said to be 26 factors) that the chart 
may in some cases show only one high and 
one low in « 24-hour period. 



/ 



Portland, 

Oregon +86 cm 



Portland, 

f^aine +38 cm 



San Diego, 
L» California + 58 cni 



St. Aupu$tin6, 
Florida 0 cm 



Figure 3 



Galveston, 
Texas +20 cm 
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f jort* i:> an * • imuj po.t. 

it ihilUJ a^* MM J:*yl»I 



Scientists arc not certain why there is a diircrcncc in sea 
level, but they think it is rehited to such variables a\ baro- 
metric pressure and water temperature.^ 



MAJOR poiNi 

1. Tht» diff<;ft.Mu i: hiftwi'i- • 
tide varies yuM^'v y,UU^-. 

2 1 Mies are i .i t»v v 
tuu.tiun of Iht^ ' .-wi? ami 
over twice the • i'-»ct of irt- 

3 OitftMencu tiMAoer^ i-- 
vaiics with th<: fiMative pi* 
.irul the moon When suf 
are lined up. l j tides r»» 
and moon turn' a nght .ti> 
small tides rt^s.jn 

4 t,t..:,ion ol I'.t^ shoreru-.i 
tiie range of th^; ttUe 



.it- 



- 'v)M tuh* anu 

■ ioraiion*j 
(jiavflaliona 
» inoc'i 

•iun 

»h h id low f.di* 
.liu 1'..' if the ii; 
mi)on. and f. « ih 
:'t. when the • -.jm 
'O wilh ihe (M>lh. 



»s dopendoiii on 





43 Tidal Effects m 
Sfiorelines 



PURPQ^l. To eKanmie the efloctb of ti»K:* 



the shorohne. 



None 
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One of the most noticeable cyclic events (events occurring 
at regular periods) that atlccts the shoreline is the daily rise 
and fall of the tides. The dillcrence between high tide and 
low tide in the United Slates can be as much as three meters 
(10 ft), and in some parts of the world* it can be more than 
nine or ten nieters (3^3 ft). Only the larger lakes have measur- 
able tides; Lak'e Erie has a tidal range of oAly eight centime- 
ters (3 in). ^ . ' . V 
Men have noticed how tidal cycles follow the daily cycles 
of the earth, mooft, and sun. The present theory of tides 
explains them in terms of the gravitational attraction of the 
moon and sun, which causes the wyter on the earth's surface 

yito bulge out. The moon, though smaller than the sun. has_ 
a greater effect (over twice as great) becau.se it is so much 
closer to the earth. 

In Figure 2 of the ■f)revious resource, there is a chart show- 
ing a daily tide record. Notice that the recordings in the early 
part of the chart show a .big difference between high-tide 
level and low-tide lever(almost four meters on the sixth day) 
while a week later the difference is only about one meter. 
When the moon and the sun are in a straight line with the 
earth .so that their gravitational attractions are pulling to- 
gether, big tides are fcaused.^ When they are at right angles, 
their attractions work against one another, and the. diller- 
.^ences are .small. This causes a cycle of big tidal diflerehces* 
at certain times of the month and small differences at other 
times. " ' 

On a gently sloping shore like the one pictured in Figure 
1, the period of big tides cauiies wave action on the upper 
^ part o(^the beach for the fir.st time since the last big tides. 
You can imagine the tremendous effects a combination of 
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a Ntorm^aiul one o( llicsc very hij»h lutos has on iho uj^pvi 
pan of ihc beach and the dunes. 




Highest tide 



Lowest tide 



Smaliest tida^ range 



l^evol reached by the 
highest tide of the year 



Level reached by the lowest tide of the year 
Figure 1 



Biggest tidal range 
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On a cliff or sleep shore, ihe lide cycle alVccls the part 
ol' the shore that gets undercut by wave action. In Resource 
38, you saw, that moht of the erosion takes place at sea level. 
If the rise nn^ fall of the tide is small, only a narrow strip 
is exposed to wave action. If the change is large, a much 
wider strip is exposed. The range of the rise and full of the 
tidj.* controls how much of the clifl' face is aHVxUed by wave 
action. 



Aliinq till: i-'v'^Ky ct)a';t of Mtsnu. ajvc action 
ihw^uj iM'fii uurs u^^'i hoilowcJ out caves bf 



Figure 2 



Region of undercutting depends on tide range. 
Highest tide t- 
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PUHFOJJB i^To mvestiq.tt.- xue^ effort m! st-.i 
level change on seacuast ^M^Mon. 



v\.tvt>-Cut LUti, 



MAJOR POINTS 

" 1 Wave erosion take* pi. 
2. If sea level dfops. a fi.; 
left, and orosion begins j; u iJjfferont luv 
the pastime 

The ^2 piaster t>iocks srK>ijiO have tru? 
lowifig^duneno gn*> 
No 1 -3" ^ 2" N 2" 



:t r. 
'A Of 



foN 



No 2-4" X 2' 



2" 



Construction ot these blocks ii> uosi rfbot 
thy front section of thrs Teacher's Lciaici 
the section entitled ••Preparation of Eqi 
ment." 
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44 Changing Sea Level 
and 



This resource help you find out what eflcct a change 
in sea \c\e\ can have on a clitl-type coastal hmdscapc. To 
get started, obtain iWi) plaster blocks (one larger than the 
other), some of the sand-«;ilt mixture, a piece of wood', and 
a stream table. You will use the sand^sill mixture and piaster 
blocks 10 build your own landscape. 

ACTIVITY 1. Pack your sand-slit mixture at one end of the 
stream table as shown, embedding the two plaster blocks 
along the front edge. Raise this landscape end of your stream 
table with ajilock of wood or other support. Then fill the other 
end with water until It just covers the smaller of the two plas- 
ter blocks. 

, Model landscape 




ACTIVITY 2. ^ce the piece of wood In the stream table at 
the opposite end from your WMKlel landscape. Push down 
gently on the wood with the palm of your hand and then 
quickly lift your hand. Do this every 5 seconds or so, and you 
will create gentle waves. 

Plaster block 




Keep making waves itys way tor about 5 minutes. Notice 
wfiere th<; erosion at this sea level takes plave. Now let the 
watijr out through the drainage hole until only the lo\^'cr hall" 
of the smaller plaster block covered with wytei. Mien 
repeat the wave action to see how a change ui yea level can 
atlect the landscape. 

Waye erosion takes place at sea level and cuts a bench 
(J-i'gure 1). the clifl' being steadily cut back. If the .sea level 
drops, erosion cannot* take place at this level any more, and 
a flat wave-cut bench is left. The old cliffs are left behind. 
\hiu they often lose their distinctive features because of slides 
and eroiuon. Old wave-cut benches can be recognized on 
many coastlines and are. ev^ence of changes in sea level. 



Old clifis (worn down by weattienng and erosiqn) 



Old wave-cut benches 




Present sea level 



Figure 1 



l3oth the Pacific and the Atlmttc coasts have 
numerous examples of flat wave-cut benches 
and old clilts sfatiding well above the present 
mean sea level. The Great l.akes and smaller 
lakes .iilso show the effects of changing water 
level along tfieir shorelines. 
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CJu$t«r C cofj»ust5 of Fh»:ioufces 45. 46. and 
47. It IS conci JM^u with saiHJ atKJ sea levels 



CLUSTER C 

(Resources 45-47) 




EQUIPMENT LIST 
None 

PURPOSE: To discuss the formation of vari- 
ous kincte of sand. 

■# 

MAJOR POINTS 

1 Sand Is rock material ground to a certain 
sii.e by the action of wind and wate;. 

2. In general, rocks made of hard minerals 
break down to-'iftnd. 

3. The color aftd kind of sand formed depend 
on the kind of rock grbund down. White sand 
is Usually quartz; darker sand Is formed from 
darker igneous or metamotphic rocks; black 
sands are usually finely grdund lava rock. 

4. Color of boach sand may be altered by 
wastes, organic matter, or clay. 
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45 Where Does Beach 
Sand Come From? 



I hc moviemakers' concept of an i.sland paradise ks a wliite 
sand beaeii witli waving palms, but while beaches in liic 
tropics and in southern regions ol" the L'niied Stales are not 
all thai common. 

In Uawiui. some of the beaciies are black. In Florida, .some 
of the beaches are tawny, some are butl-colore'd, and there 
are long stretches of eggshell-white beach. On the West C oast 
of the United States, beaches are more often brownish-gray.. 
All these beaches have sand. 'How can the .sand be .so ditler- 
ent from beach to beach? 

Sand is simply a name given to rock material ground to 
a certain si/.e by the action of water or wind. Beach sand 
is formed by the grinding action of rocks on each other and 
on bedrock when vigorously rolled by moving water of high 
kmetie energy. 

This process can l(;ippen in the fast-tlowing .section of a 
river. Becau.se the sand particles are .small, they are carried 
far beyond the rocky region where they were formed. And 
if the kinetic energy of the stream is sufliciently high, the 
particles can eventually be washed out to sea. Many particles 
get no farther than the river mouth, where they build up 
as .sandbars. Others, however, are swept along by'.sea currents 
and. wave action, finally becomina part of a beach. 

Sand particles break off from rc)cks when waves batter the 
rocks again.sl each other or against the cliffs. This .sand' can 
be deposited on pocket beaches in the bays between rocky 
headlands or carried away ^^y wave action and washed up 
oij^ a beach elsewhere ft 

The color and kind of sjind formed depend on the kind 
of rock that was grouod ^own. In general, rocks rfiade of 
<hfird minerals breUk Uo\^h to sand. White sand like that 
aIong'the%ytheast coast usually comes 4h)m quartz. Darker 
sands, are often, formed" by the breakdown of dark-colored 
igneous or metamorphic rock. The 'black sands of H^wai.i- 
ar^ composed 6f tiny grains broken from dark-colored lava 
rock. In some localities, the color of the beach may be altered 
by wastes, organic .matter, or mixtures of clay with the sand. 
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Some of the sand on the Oregon beach in Figure I below 
' could have come frOnj the grinding do\yn of the rocky head- 
lai\d in the distance.- Thcra are no rocky headlands within 
hundreds or miles of the Florida beach "pictured iff Figure 
2. Part of this sand conies from broken shells and coral, 
though some may hava.been brought a Ic5ng way by ocean 
currents. 




46 Spits and Sandbars 

PL/RPQSE: To study the formation of spits and 
sandbars by longshore dnft 

Where rivers enfer the sea, the river mouths are often partly 
blocked by dq^mits of sand called sandbad Long, curved 
sandbars cn\l6(i spits also form at the tip of hcikllands that 
project info the sea. ' ^ 

. One way that spits fAm can be demonstrated in a stream 
table. Imagine a long coastline with angled waves drifting 
along a shallow shore. Can you predict what kind of beach 
will form where the coastline changes direction? ' , 

. ^20 ■ 



Figure 1 



On :.onw j the r.o (..illod r.rioll U Mche:. of 
Morida, a l^uyt? amount ot xno boach sand is 
niadft up of finely ground shell lragnie:tis. 



Figure 2 



EQUIPMLNI UST 

1 complete stream table 
1 plaster block- 

V wooden block ^ 

f^AJOR f^OlNTS * 

1. Depo:;iti; of s<jn.. rj»!od up m the water are 
called sandbars: wtuMi ihoy are connected to 
a tip of l.jiKl and cu*vo out it^to the water they 
are oall<?d spits 

2. The disposition of sand rn j bar oi a^^pit 
is dependent on loss of energy by the wavoi 
carfyifig ine sand. 
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Construe lion of tl plaMirr \ i . i^'miiiIm ^\ 
in the front SturlK-n of th- . .u ru r s { Oils - i 
in tfW suction onMu;0 J'r- :r.ilHin Of I <JU'j>- 



ACTIVITY 1. Pile up the sand-sllt mixture to make a beach 
from one corner of the stream tablo to about the middle, as 
shown. Then put In a plaster block to represent a rock head- 
land. Pour In water to a depth of about 3 cm. Generate angling 
waves by pushing down every 3 seconds on a wooden block. 
Do this for about 5 to 10 minutes. 



Plaster block to represent headland 
Sdnd*silt mixture 




Change of direction of coastline. 

Wave pattern 
Wooden block as wave generator 



Note tlial rli't only ib Iho tJtu rtjy of tlu> w.im $ 
foditcoti Liy hiti:t::i the heavli.ind. causiiuj i-.-iuJ 
to tn* vJropptnl *»ul the Wtivf crests h- nt 
by rtrtf action ,vh\ cinwd Oy vi:tti action. Ct>ii?j- 
ing the sand deposit to be cuivetl 



Your simulation should have produced a landform like 
that shown in Figure 1. Longshore drift shifts the sand along 
the coast to the headland. The energy of the waves is reduced 
as they swing around the headland, and the sand is deposited 
as a curved sandbar, or spit. 



Pratecte^bay 



Cufved spit formation 



Headland changes direction of coastline. 



X 



V 



Beach 



Longshore drift 
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Oblique wave pattern with ref ractioft 

* 

Refracted waves lose energy. 



Figure 1 



Sandbars :ijSo he dwposr.cd ihc mv»u;r.> . : r*Vv:^ 
or iji shallow walcr off a beach when currents carrying a load 
of sand are slowed down and lose energy. 



47 Rise in Sea Level 
Floods Valleys 



PURPOSE To ( ompare drownoU glacier val 
leys and drownud river valleys 



EQUIPMI Ml I Cil 
None 



'.t.'.l U'V«:I 1 • • ' •»•'•.. 

A llo. J. ' . . . ,u. J V I- iMlNnJ a 

f>oul, A fiiM. :. n» .1 : .,jv«' J v,iM.:, r.rciih'U an 

llH) sanu- I*:*. . ♦ di lu - ..juuj v.iiicy that lais- 

tlUJ ihO I l» vol I our.; I|.;V.* 



The large body of water in the mountain scene of Figure 1 
is not a lake system; it's a system of valleys flooded by 
the sea. The scene is in Alaska where Tracy Arm (in the 
foreground) empties into Holkam Bay. The bay, in. turn, 
connects with the Pacific Ocean. 

Since you have already done the mountain chapter, you 
will recognize features which indicate that the landscape was 

I 
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Figure 1 
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Figure 2 



glacially carved. There is evidence that during the ice-age 
period, when these mountains were benig carved to then 
present shape, great ice sheets covered much of the Norihern 
Henijsphcre. With s») much of the earili's water Happed in 
the form of glacial ice. the sea level would have been much 
lower then than now. 

One theory suggests that as the cliinaie changed to a 
wari^ier one. the ice sheets mehed back to their present 
positions over the North and South Poles. I he water relea.scd 
by the melting ice raised the sea level one estimate is by 
about 100 meters. A rise as big as this caused the Hooding 
of many valleys near the coast. 

I 'looded. ice-carved valleys like Tracy Arm are sometimes 
called Jiords, while flooded river-carved valleys arc called 
estuaries. Many of the world's best harbors occupy flooded 
valleys. Some deep harbors in North America that have 
formed becau.se of the flooding of river valleys include the 
Hudson River. Chesapeake Bay. Delaware Bay. San IVan- 
ci.sco Bay. and the straits and harbors between Briti.sh Co- 
lumbia and the state of Washington. Oslo. Norway, is at the 
far end of a 90-mile fiord. 



River valley 



0 meters 
Old sea level 




Coastal plain . 
Coastline 



NeW sea level - 
100 meters 
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Estuary (flooded valley) 



New coastline 




Old coastal lar^dscape novy flooded 



I luoJm^ due to a rise in sea level caused by ineltini. ice 
IS not the onlv possible way of form mv. an estuary or a fiurd 
llio same jcsuIj would occur il" earth uunenients caused fhe 
land to sink beneath the sea. The dia«rani in bigure 2 shows 
tow a river valley could become an estuary if the sea level 
rose, or the land sank, or a coinbination of both ellects 
resulted in a relative rise in sea level. 



In the d■^.,lM.<nls farthquaKo M.al hit Alasha 
in 1964 th.) latu) iM sov«!i.il t)f tl)« harbors 
aank «iiou.jh to i tutii<jo thu i-ntKs shape of 
the coasthiu. wipmy out hoiis.ib. docks, and 
wharves 
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X - NASA 2 - NASA 3 - M. Fri«d«^-St«m, Black Star 
10T - William F. Tannar 108L - Phil Oagglngar lOSfl 
— USOA-Soii Conaarvation Sarvloa 11L-H. tl. Bliaa 
lift — Batay Conion Balzano 12 — U. 8: Foraat Sarvioa 
13 - U. 8. Qaolooioal Survay 14 - Miaaouri Stata Highway 
Dapartmant 15-^ South Dakota Dapartmant of Highwaya 
IS-Robart Samplaa 26 - E. R. Oagglngar 27- 28 -John S. 
Shallon 31*<% Qa6-Ed Aida 35*^7 — John S. 8hatton3fl*~ 

E, R. Oagglngar 39 — Courtaay: Stona Mountain Park 40- 
Oavid Poch« 43 - John S. Shalton 5371 - E. R. Oagglngar 
SSrn- H. N. Biias SSa - E. R. Oagglngar 68-Hoppock 
A^olataa 73 - Rufua Morton 75L - Oavid Poch* 75fl - 
N«R|Ktai Park Sarvioa Photb by Frad Mana. Jr. 78 - National 
ParirBaivica Photo by Clay Patari 82 -Rufua Morton 
88 -U. 8. Qaological Survay 87L- Rufua Morton 87ft — 
C R. Oagglngar 91 — U. S. Qaological Survay Photo by Q. 
R. Qllbart 92r-Swiaa Nattonai Touriat Oftioa 92BL- 
U. 8. Qaologiool Survay Photo by H. E. M«lda 92Bft - U. S. 
Qaological Survay Photo by F. E. Matthaa 93 - Oougiaa R. 
Stalnbaiter 94-U. 'S. Qaological Survay 96r-Ooug- 
hHk JR. Stalnbauar 950^ National Park Sarvioa 98- 
8tav« MeCutchaon 98 — National Park Sarvica Photo by 
Woodbridga Wllliama 100 -E. R. Oagglngar 102- 
Mlaaouri Stata Highway Cdmmiaaion 104M05r - William 

F. Tannar 105SL-rOavld Poch* 105Sft-H. N. Biita 
IIOt-E. a Oagglngar llOft-U. S. Foraat Sarvica 
111L-H. N. BHal»k 111ft - M. N. Maddodt 112-U. S. 
Army Corpa Englnaara 113 — Rufuf Morton 114. 
1157- H. N, Bliaa 115S - U. 8. Army Corpa of Enginaara 
1 18.- Rufua Morton 1 1 7 - John S. Shalton 1 277 - Bob 
8ampl«a 127B - Maina Oapartmant of Economic Oavalop- 
mant 1 28 - William F. Tannar 1 29 - U. S. Foraat Sarv- 
ioa Photo by Laland J. Pratar 13d. 131 — John S. Shalton 
133 -U. 8. Army Corpa of Enginaara 138 -H. N. Bliaa 
140 - H. N. 'Bliaa 141L - National Park Sarvica iPhoto by 
M. W. Wllliama 141ft-Tanhaaaaa Valiay Authority 
146t U. 8. Army Corpa of Enginaara 145ft.- H. N. Bliaa 
148 -Jack Haaaard 150 -Jack Haaaard 152 -E. R. 
Oagglngar 153-Joaaf Muanch 154. 155-^Oatlaf A. 
Wamka 1887- H. N. BHat 1580 -William F. Tannar 
18Q Maina Oapartmant of Economie Bavaiopmant 181 — 
Joaaf Muanch 182 -Dragon Stata Highway Oapartmant. 

; 184— Nova Scotia Information Sarvica 165 - U. 8. Foraat 
1 Barviet Photo by Laa Pratar 1 68, 187 - Coaat & Qaodatic 
ISurvty 170*-Riy Atkaaon-OPi 174 - John Atkinaon. 
Jr.-OPI 177 - U. 8. Army Coaatal Engihtarlng Raaaareh 
Cwitar 183 -Florida Oavulopmant Comihiation 1917 
IE, R. Oagglngar 1910 — Florida Oavalopmpnt Commiaalon 
ilM— Stava MoCutehaoh' x ,. 
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